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(57) Abstract 

PROBLEM TO BE SOLVED: To conduct a decision of 
a deterioration of a sensor element, a correction of 
an element temperature control target value, and a 
correction of an air-fuel ratio by obtaining 
parameters indicting characteristic change of an 
air-fuel ratio sensor. 

SOLUTION: The controller 10 for an air-fuel ratio 
sensor 1 for detecting a current corresponding to an 
oxygen concentration in gas to be detected by 
applying a voltage to a sensor element 2 of the 
sensor 1 comprises an impedance detecting means 
10 for applying AC voltages having a pluraOty of 
frequencies to the element 2 to detect an AC 
impedance of the element 2 tor the respective 
frequencies, and a parameter-calculating means 10 
for analyzing the AC impedances of the pluraOty of 
the frequencies detected by the impedance detecting 
means to calculate a parameter indicating 
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t>ti:vm=o. 3 v^mffiSreniraL-cii*co^Jt 

'ttffittffiUKL, ^cOflJglJ^m>6 J NO<Ot ^, Xf-;7 

7 0 

[0 0 3 0] HIT, H5^M4 0 Xf 77"5 0 3T-(±, 

40 ^-mimmwtf^-i-ymi&frh (k x 6 4 + 4) ms 
ec (k-iSKl, 3, 5, •••) mmLtzftmfr&frzm 

glJL, ZWmtil&tfYE Scot iliXf 7 7*5 0 4^ 
**, -?-<o*iJgiJig*a*NOcot #»±*;w-^>^|?-7i- 

xf77 , 5 0 4tii, ^ i mi&gLWizmm com i 

(ii5Si$) <f > f-r>XZacl ^^*^It»-r4 0 
[0 0 3 1 ] 

Zacl = AVm/Alm=0. 2/(Iml-Ims) 
Xr77'5 0 5T-l^ Zacl flDstr- Kj6S, -T^*>*>Z 
acl tTi#- KtKRE L 1 t±K^T- K^tKREH 
50 1 tcoratCfRaS&KR E L 1 SZacl SKREH 1 tf 
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Z>tm.*-mi-?Z>o Zacl MRELlg 

Zacl ^KREH 1 <Ot %\t^(T>ii t U Zacl <K 
REL KDtitiZacl =KREL 1 = 1 (n) t L, 
KREH 1< Zacl <Dt §14 Zacl =KREH1=20 

o (n) fc-r*toas:itiTi-*o **- K&stia 
imsi* a / d KtMNis* k «t & f - * 4- isa-f * * 

10 0 3 2] H8-H10 HECWLoo, 

ii»I©7D-f v-htSlti. *2fl*»J:L 10 
T5 0 OH z SrfflV^cffllfiaW-rio I5«7n-ft 
- Mci3»t&*-r *7.5 0 1 "CNOfcffl5e£*Lfci: lx 

-f>»t)kX6 4msec (klift&2, 4, 6, 

•••) nm&Ltzmmfr&fri:, muzii^y 9\z& *>n 

8UU iit<bOWlJife*^YE S, 1-&fc*>l 2 8mse 
c, 2 5 6msec> 3 8 4msec, — tf> t # (4^7^ v :/8 0 

JEVm (=0. 3 V) IC-0. 2 V (Ds<)V*W.!±*M& 20 

EEVmlliO. IViWo *r y -f 8 0 2 X'\±% 

[0 0 3 3] CICl-e, M9<D%3 9 4 -v$B*.j&SKov> 
TSi^-r^o Xf7/9 0 1ftt, ±ffi» 3 * 4" vfjai 
OjglMfc 0.95 msec^ii L fc5&»5*»* WgU U -€"<0 
*l«MS*i* Y ES<Ocl, Xf7/9 0 2 ^Jt*ffi«Jt 
■feV9-oW*«SltIm2*«EiL*, *?>flHl»*5&«N OW 
hi, Xf '^9 0 l'NU&o Xf7^9 0 3T*(4, ± 

3 * -f Tjjaofilft 1 msec*%j§Lfc^S*>Sr*| 30 
glJU -E-WWglJ^^YE SOt # % Xf77'9 0 4^ 
it*£$=it-fe>*HVm2= 0. 5 V^SJE^EPiDU * 
O*iJglJ^*3J*N0<Di: Xr^9 0 1^ o 4 
fc, Xf 7/9 0 4 -CliHl 1 Ofcij^jM -rffl&rt* 

[0 0 3 4] ::t% mi 0<Oi4 ^-fTfiJ^SlCo , 
^rm.m-ti>o *7-'J-f\ 0 0 1T*I4, ±K*4 9 4~? 
m&<ommik l insects L.fc*5*»**ISU U -€-<0*lJ 
SUIS*tf J Y E S O t § , Xf77'1 0 0 2 -it*, SitS 
Jt-t>"9-^Vm=0. 3 V«miE^en*DLTii'S:<0^ 40 

yi00 l^M6o 

[0 0 3 5] I8^I*o Xf 7^8 0 3-C-li, 

^E&S^»!3i«*^-^>P3iS*^ (kX64+4)ms 
ec (kli^&2, 4, 6, •••) LfcB**!*5**fl 
SOL, -?-<7>*lJ8!lSg^rt*Y E S<7>£ ? ^8 0 4^ 

it*. -€-O«ai***»N0Oi: Sli*^— f->Sr»Ti- 
*o xt7^8 0 4fli, ^2^rSS:Smenj!JD^<o^2 
(fiJS*) 'f >tf-^V^Zac2 *^^<bft*1-*o 
[0 0 3 6] 50 
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Z ac2 = A V m/ A I m = 0 . 2/(Im2-Ims) 

v rf% 0 5TMi, Zac2 <7>#- K&S, 1-&*>*>Z 
ac2 SrTRtf- KffiKRE L 2 t±Pl#- K1KREH 
2 t<DSlClR*^>KREL 2gZac2 ^KREH2cf 
4«yi«r*tf+4o Zac2 «REL2g 

Zac2 s£KREH2<Oi:§t4-?-<7)££ t U Zac2.<K 
RE L 2(7>fc £(4Zac2 =KRE L 2 = 1 (n) t L> 
KREH2<Zac2 Wfcll4Zac2 = KREH2 = 2 0 

0 (n) k-r*jaa4:*ff-t4o 

[0 0 3 7] ^ClC, m&Ltcm4<V7V-?-v~ YiZte 

itz>*Tv74 o 6 k xi>^mtt-t>^-<D^mjEmm 

Kov»rJttT»=BtWi"*o Hi l (i^Jt-t 

JPrjEOJiB!, 0!lx.l4*4msecft^||tT^n*o 5fc1\ 
7^110 1-Cli, #ffc»jE*#jWS:fcLrt:*5jft»*T 

-?-<7)«3e^** s YE SOt §li^-r 7^1 1 0 2-^ii 
*> -?-<7>*iJ^*^*NO<0i: S»i*^-f->4:»7i- 

& o 

[0 0 3 8] 

1. ttNOHfi&NE£l 0 0 0RPM 

2. Jf3VSS3 Km/h 

3. 7 4 Y)\>7.4 

4 . £«Jf7 4 - Y^ -7 9Wm%^X"&mVch/Yi) t 

1 4. 5ftfi 

5. «H©*:»*fiTHW*8 5° C (WMttttttSS) 

xf 77"iio 2-ei4, ^i 4 y^-yy^Zaci 

2 4 y^-yy*Zac2 <OMZac3 (=Zac2 -Zacl 

t LT*46^.o :©/<7^-> Zac3 

>"9-*7-#tt^^7>-^fc0?^ifclc-r^>o HI 20 
(A) li^aSJt-fc^O^SmSSiR s (=R1+R2 
+ R3) tZac3 ( = R3) tOHitftitibO, 
@12(?) (B) li^Jt-k^WjSfT-aKfc Zac3 b<D 
H«*^-*-0T?**o 012O (A) ^tjflJ^J:^^, 
gfp D n tSB*^bp a pti, tfc(CRstZac3 t<0Bli:i6B 

fitRstOrt, !:S#®g6<0SeLfiES-R 3 , 1"^*>*>Zac 

3 W«iJ^#<, ^omS#®5BW«Si^^-fc>*» 
T-W^^R^-r^d^T-ab'&o i/cHl 2<7) (B) it* 
<b*ij^ J; o iz, «rn a pt^^bp D pi±, ttlc^StZ 
ac3 t<oraic^l^-«OfflP5i«?:^r-t-&o 

m®#ffi«^tR3, -r=&^>*,Zac3 *»c>S«Jt-t> 

[0 0 3 9] ffimLt:®4<Dyci-1-*- hiZisVZX 

7^1103-11 o 9(ommzx *)>x<r>£iKmf&2 

i\Z 0 1 0 3T-I4, -t >-9"*7-SSU«)g»ffi 

^-b > -9-*^0#eJf t> o § ^-g-^^TPIffi Z actgmax 
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1 10 4Hit*, ^•co«^*A J NO<Oi:§t±Xx^7' 
1 1 0 5Kittr 0 7,TV-f\ 1 0 4 -e»±, Zac3 tf^sii 
^•ia$lJffl)g^ftZactg(7)MiEa:Zactggk^0 1 3 (C^-f 

tiZx, -Ofll^SiMWBSHiZactgfcli, SKlt-bv* 

*v»-C, Xf^llO 6 -ettjrf-fiWM 
SftltZactg ^T^f)¥^fiL-C»fflt 

Zactgt =Zactg (i -,) (fliJlIUI) +Zactggk 
Zactg(i) (4*0*1) = (Zactgci-D (MEHI) X3 
1 + Z actgt ) / 3 2 

£ix£Zactg 

^Zactg k'44J:^:-fc>WSS<0»J» 

[0 0 4 0] |130V7^ s itJ:iC, -OslT-iS 
W«II*ffiZactgtt, -tvy-^O^tty^^-^Zac 
3 nWffjgtt&T. K tabt m=f-\&1> { ±-%- L W56 U Z 
actgSrig*?-*, iilcZac3 j&*JJr5£«J0Ltt::* & t »^ 
i&tfi&TLtztmfcL. ZactgfciS^S-tf&o + 
*> , Z ac3 jW5r£f6 kftii^ic SFf-fi*l» B Slffi Z ac 

fb L fcffeoamBfe «r Set it^^i v»iaK-ett«i $ *v 

4tmwjsi\Mm*?>B.m$iit * h»jli- * t t *«t § * 0 

1 0 0 4 1 1 * tz, Xt- y 7 1 1 0 7 T-(i, X?&ffl0| 
gflffiZactgli^y :/R AMU Zactgb t LtE 

Zactgb **ZactgH^*)iittt, ^(omm^m^^m 

ty^l 1 0 8t*li> f H>f-/>XZacl fc^jS 
ib-t >-9~£>tii7JitEiMt I mst CO 2 ^C7C"7 7 y (Ell 4) rt* 
f>aitA/F^S(i5ti 0 01 40-77^t), 

>tf-r>^Zacl jF/h Ims^<7)i:^(± 
aifc£*Kita» <b 'J yf-^j»Jt«^rfil*»v\ I rns^iEW t 

&o ImsJ^O^i: #14, ffl 1 > fcf- Zac 

— 1 0 5T-I4, HI 1 2<0 (B) iZTji-fX 
^ic, ^y^^-m^y ^-9 Zac3 * f ^*SJfc-fe>* 
0&RW;e<iKFZ ACWT (Zac3 s£KFZAC) ri* 

fc*lJSrLT#;i"-?->£$?-7L, f?) 
«9ie***N O <r> h § I4£j&it-fc >-9-»4&^LTv^t 
^JBfLTXx^T'l 1 0 9^jt*-, ^f7^1 1 0 9T- 
li^lit-t>tftR7 7/XFAFS^itS, 
m\2<0 (B) K^-f&Elffl^liKF Z ACI4, 
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&1klCtt£3*i*. SI 4 KS-fv-sr 7«rfflv>* 

afifcfelTK&^&o 

[0 0 4 2] t«Lt<t?i:, 2ow^jg|gc^*ti-^^ 

T-'f y t'-^*>X(O^Zac3 (=Zac2 -Zacl ) frh 

SH^aWWBWfcZactgfcJUBU ^w-f >f-^> 
X Zac£ Zactgt 1"* J: ? ^Sf^Jni&fMffl^fT 

^m° a n<o3 o ax tfflxJf 4 on, sontf 
10 #fb&<03H^ >\£-y>AZacii 4 o n, 5 

onr*^t* 0 -oil;, ^it-b>** J ffD D pNF<o* 
T-f vfcf-*r>***3 o not £ 

iii-e£&v> 0 -f-tt^x., ^Ktilli4i; 
Zac, -t-^fc>*>4 on. 5 ontwj&cr^«Jt**KJ: 

[0 0 4 3] ffc, *HW«Z)^<0||Jfe^i: LX. 2o 

w js « isc * ffl v » -f k m i- * > a - y > ^ * ie m iz & m -t 

20 Z>Z t<DT-£Z> 1 o©lfi5V»jaatf!c, t«JA<? 1 ~ 1 0 KH 
f-^VXZacl ^ffffiU, Zacl KJcJCTH 1 4 (1^ 
^tflSitK X *) m p q pB# J:i)SvW>e-^>^ -ess L 

m?Miz&&.}t-ty*rtf%i&Vii§jzm^fztz.%L 

v W > f - ^ > ^. -Cffitt-f b $ itflMtffc K if I" * B#H 

30 *»<ft* 0 ffi«Jtw»*^»iuR!te-e#, * 

[0 0 4 4] ffi£UfcEI4 ©7n-fir- UriJ 

tt-&^x -y/4 0 8KJ:4ffi«]t-feV*OfiHt*l5e«!a 

f->liiJr5fe*>JBI8, 1 msectetcHft^a-So 

7 s 1 5 0 1 T-t±, ^ib-tr 7^XFAFS 
*«arTC>*ifc*»5*»S:«80L, XFAFS=lWtl 

40 0 2 ^mtfo Xf771 5 0 2 T-li, ffi«Jfc7.-f - K'< 

T*, ^Jt7-f- ?ftmZ&)kL. Z.y-vzfl 5 
0 3T-t-;5'<7>ig#ia^Kih-r-&^*!)V:-^wa«^# 
ihL, Xf77l 5 0 4T-S^7>7" (lU^^-r) 
fft^o —7?, Xf77"l 50K-XFAFS = 0Ot 

[0 0 4 5] 111 6l±^Jt-t>*<7)Tgtt*iJ^;i/-^-> 
50 ^xlflmsecfttcHfr^tt^o ^"f, ^t77l60 1 
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T*«±, ^Bit-by^-ikmy yVXFAFS i) s iLXhtitz 
*S**«88U m^m^tm^ixtzXFAFS= 1 
Wfc#ti, Xy-v7l 6 0 2^jt*> fff**-C«:V»i: 
*lja?ix^XFAFS = 0<Ot#l± > ^f^l 6 0 3 
^ittfo ^7 7^1 6 0 2T*ti, ^JtrStt7 7^XA 
FSACTtrt7i:f4o ^f^l6.0 3T*I±, #-fb 
» jEffeOfcTfiWSl E mm Z actgrt* t> ffiteffl^li Z acac 

t ^ii Tic^i-vy^'b^mi-^o hi nzm-rx 

iStifll^ffiZacact iiX^itftUflietlttZactgJ: 

[0046] 7x77*1 6 0 4t?J±, gl -Otf-^V 
XZacl ^Zacact J: <0 'h £ U -€-<Offl 

tliUr77 , 1 6 0 5^jI*, ^O*J5clSm^N0 

7 7"1 6 0 2 ^ittfo 7t7yi 6 0 5fli, 
tt77nAFSACTit>i:tS„ 

[0 0 4 7] ±J6LfcJ:dfc, ±EflMt«5gtt, 2o« 
JB«»»:Wi-**f"f >fe:-^>XO^Zac3 (=Zac 
2 -Zacl ) jfrfcfc^ffiWfcgSttZactgfclftiBU Z 
actgri^fStefflJeliZacact fcgWU Zi\*mi<<y 
If- ^V* Zacl , -ffc-b^JfiEJSilfcJ&O*^ ve-jr 
>*Zacl fcJt«[Lrt03e*ffo-CV»4 o HI 1 8IJt- 

li, jJrJfcOJaW. W)x.tfl 2 8msec&K!ifif£:ft>& 0 * 

- ^ > 7, Z acl t SfcJ-iMlHB § «Hi Z actg t <7>fil^ Z ac 
err (=Zactg-Zacl ) Cio'^T, E — ^4-^cOii 
lOfi-r-f Jt£>P I DSWfcfi^o 5fc-f. 7f'?7 
18 0 1 fa, itfll«KP£^:£^t>JfH5-f 
[0 0 4 8] KP = Zacerr XK1 (Kl : 
Xf y 7" 1 8 0 2 T-ti, m»mK I ST Hi 1" 

K I =2 Zacerr XK2 (K2 : £&) 

Xf 77"1 8 0 3tii, a»fiKD*^<>f.»ttt 

KD= (AZacerr/At) X K3 (K3 : £&) 
Xf77"1 8 0 4fli, PIDr^VKPIDm* 

[0 0 4 9] KP I D = KP + K I + KD 

DUTY(i) =DUTY(i-l) XKPID 
Xt77"1 8 0 6fli> as^fa-f ^ltDUTY(i) 
<T>iT- V&mZfr^, DUTY(i) JTMKDUTY 
L fc±EB<iKDUT YH iOf^KDUT Y LsSDUT Y 
(i) SKDUT YHirJR^^aS^Hfif-r^o ^ttftK 
li. KDUT YL^DUTY(i) ^KDUTYHWti 
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t±-r><£>£ £ i: U DUTY(i) <KDUTYLWtili 
DUTY(i) =KDUTYLt L, KDUTYH<DU 
TY(i)<0i #I±DUT Y(i) =KDUTYHtf4* 

[0 0 5 0] ifc, HI 8 <,Z7FLt:t-?m®^&^ 
T, ^fStit-^ 4iJJ:L' f -b>-9-^2(7)ii#ra (0 
ver Temperature) £ESlk1-& JfiSffllftR»-**-f4 
&mit4 >t'-r/XZ acl j^fcfcjE&Ofc^i&WtP 
I^fitZactgi *)ffifeW. Wz-l£5ni:Mz-Z>fr : gfr 
10 (Zacl ^Zactg-5 (ft) ) *«HIU -tWflgOtt* 
j5 j Y ESOtl <±IE#x 4i5J:O f -t>"9- 
St^2tiii#St::fcoTvv&v>fcwfc«eL0 18©7 

WflSU^m^NOOi: iliM, -t&;b*>ti-:$'4£J: 
UHr>*Sf^ 2 Jij§#?-SK&oTV>;E> £*iJ5eU DUT 
Y(i) =0Ki£;c-r*4l!kS£fi^o X?£tllfll 
BflHBZactgli, 2ooS«»C»-f*X : F-'f 
>X<7>MZac3 (=Zac2 -Zacl ) tf»fbgfclJ 3*1*,, 

[0051] &.±mwLtz*§kw<v£M<w&mr'tt > m 

20 10l*ftC5KHz, *2OlBftft»:5 0 0Hztffl. 

istf> *«^o*msk -t>-*r®&<Dm&. mams., 

fijg^ * #it L r i ft h m li ® illRt* £ 4 o 
glOJSiftKi: LTBH2 llCj3tt*R 1 (WJS 
Ko/^?Sa) +R2 (WWR^ttlMSSt) ©£tt>f 
>e-y>**#Hinri&ftjaafc»x «x.»f 1 kh z ~i 

0KHz8KO«HI*««fflTi6-C*4o «2ii 

mtLxamimm.%(.£*)i&mM-?. u>4ri+r 

2+R3 (m®#ffi«»t) jt-©^>e-^vx» 
30 osm^m^r-^ixiix^c 

[0 0 5 2] itz, ±.&<r>mn<omm-ea, 2oo@s 

^matffi* 1 'f >\s-r>xitfiiii Lri> fc*>-6 

[0 0 5 3] ^IC, gl (ffiJSttft) t^2 ({&^jS 

wnmx~<>^xviT\zmn\zmmirh 0 m 2 4 tarn 1 

C7n 7 ?K@r-iJ 0 0 2 4 K^rr^&Jt-fcV-^fM 

ffli^eii, mi K7Pi-£mit j t>-y-ffl® i mw.titLx, 

m 1 <7)L P F 7 Hftx.T 7 -f )\y*<xM.*Wl&7LZ> Z. t<7> 
T*§4LPF 1 7 fc&ftfc.Sfc, -?-<07-<;V^^<O^I 

mxt;iDi:T-b>-9-* : F-2 ©IE, *aw»fc>f Vkf-*' 
> ^ ^^«Su1tmi- h ^a6ol21TtcEi-iaS^ Hfifi" 
jTODr/ti-? 1 1 £Wtl1tz&kW3HZ&% 

50 So i^, ® 1 (o^mitwm a- » h (a/fcu) 1 
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0 it -t > m& 3 ffl * n - * ©j® ms& 6 m <o d / ase* 

St A/DJE*8*rt»CKitfct«>fc Lt^?tvtv> 
■6 A*, 1212 4 ©SiSJtiMttli- f h (A/FCU) 2 0 
KJ=sv>T0lcOA/FCU 1 

1 1, D/ASe»Sl 2*3XV f A/D$m®l 3-16 

[0054] 0 2 5 Ii0 2 4 Ufitf A£*£Jt*ll» ? 
h 2 0ORSHt*4. £IT, 02 4 £0 2 5 fcfflSK 
fclBL-ooKH+io £«JttU»J'.- ? h 2 Oli, W 
*an>fc?j.-* 1 1 , D/A^S1 2*J:lfA/D 
9StM$l 3-16 *%i-tZ> 0 -rJ 9 u 9 1 1 

It, 2 1 let !JflIi:»»SftfcCPU2 

2. ROM2 3, RAM2 4, B. (Myf 'JAy^7 
•y7*) R AM 2 5, A**- h 2 6 ti t (>*ffi#*°- h 2 

3„ D/Ag?&fSl 2»ta5^#- h 2 7{C^M?nCP 

U2 2 ict ^mn^fttzrv 9 9 ^n-u vms. 

KSJ»i-*o A/D««»13, 1 4 li-e-*l-r*tA*# 
->2 6i:SS?n, •fc>"9-@»3^BHD5*tfcr^n 
/SE, ■feV9-Btt3»=^»t4A/F-fe>-9-*SlEtfta@ 

15, 1 6 ltfc-*(W«JI(II!&6 ^Ltt-? 4 CD« 
IE, «SltS:f 5'^fl'f'-^caE»-f 4o CPU2 2lti 
*tt>f v?;w-r--?£-fey^^2 0*fflfi, 

h 2 7 5S>C>LPF 1 7^I4LPF 1 7<7)7^;U^ 

DUTYfi-f-7J*ffi*$n*o 
[0055] 02 6li0 2 4Kislt&LPF 1 7 C98J.IK 
Hl-e**o A/FCU 2 0 KiJlta^ ^ nn >f 

9 i l^^-tv-tMaisa'voeniinmffiiseMi-affi^* 

D/Ag&fll 2 KtttfjSfU D/A|C»S1 2*?>*g 
j^/<;w^**m*?*t^ 0 LPF1 7 liZUxZ^HXM 

K3^en*D-r* 0 lpf i 7 it, jg#t3 1 , 32, =»> 

f>t3 3> 3 4, 3 5,R*Jf«8 (OPT>7") 3 
e^tcrmifamhy^vX^ (FET) 37frb% 
Z> 0 FET 3 7IC(t-7^^n3>lii-5' 1 l^MSS 

tl\Z£ HPF1 i<nv < )\< 9 1 (AJS&&) 

[0056] 02 7lt02 4 iZ&lt i&Mit-b >-9"[HK 
3<r>Ummx-$>i> 0 -t>ti83 li^giJLT*i»«JEIlI 
S&4 1, ^im)Ett*&|5]K4 2, S2IE«M4 3 

i5t^«^mi]K4 4^t>^^„ *?*m£E(i]»4 1 

It, SgUIEVDcfcStfU 5, 4 6T-»IELfc«IEV. , 
flUltO. 6 V^***BEt-t*o ^l«SttJ&(llK4 
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2li, MJ±.y*aTt LT#J&£fiA/F-b>-9- 1 co— 
#0^4 7lC*j»m)EV a £tt&1-&o ^2mi±«i^ 

0K4 3it, l p f 1 7 ngMssft, g i tmm^ms. 

y*urt LT#J&£ftA/F*V-9-lC9^-:frcoiig 
T-4 8 1CLPF 1 7<oai*SEVc (0. 3±0. 2 

(v) ) £tt*si-&o lpf 1 7com*miEVo it, a 

-go. 3 (V) X'$>2>&, 70D3>Ua-? 1 1 K 
t 9 A/F * v^io*^ .xfcMlj&tiRi 
K±0. 2 (V) A*0. 3 VizMSiZtixmDZti, * 
10 *xk9>i.A/F-fc>^ 1 UliO. 1-0. 5 (V) (VMS. 

tfftitozti&z t \zt£i> 0 wsnktomkA 4 it, m&A 

9^f>&l), «St4 ( I V b -V. I ) * 

A/D«*» 1 3 ZfrLXmW.Z>ZbiZ£ *) A/F-fc> 

* i ic^n^m^^^ai-t-^o 'icK, m 2 4 ic^-t*^ 
^w^2 »jRtc«*^«ib-fe >v-mwmmz x * -t >v 
mi-vj >\L-9>*%.m)v-*K\zo^x\>xT\,zmm 

[oo5 7] 02 %\±*%m<r>&2Tm\zmz>*y*ym 

20 12 9-0 3 4l±|B];V-f-><0t#7D-f a- 

-YXhh 0 tl)PL<lt, 0 2 9lt-b>^«^-«^ > 

t°-^>^»/±i;w-f->ic^it^^ i jsifc&mg^sco 

7n-ft-H*3bi), 03 0 t03 l(i$lJ9&&£ 

g^a * itfi-t * * i;^-g 4 tiiii&a a- -f>«7D 
-ft-Ff*!), m3 2it-b>^m : f-<D^>}£-9> 

t-ht**^ 0 3 3 1 0 3 4 It* 2 Jg?£$:MMa£ 
*ff -T 4 # i:£«S4tiaJ&I/i' -f^7D-ft- 
hT**>4o 028, 029t5t(/0 32 lc^-T^-^> 
30 It, §r^O^, -P9x.lt 1 0 Ojusec ttic^^n^o 
[0 0 5 8] 0 3 5»i*«WOJB2»a8K«4-b>-9-* 

co ^ > ii* - ^ > x # ffi ;u - f- > * Si ^ 1" 4 ^ -f f- + 

coenSD«)E^^L, T®lt LPF1 7 <F>y 4 9 /E%k<?> 

■b > * XT- 2 IC % n Z fgm mt t ±EEP JP^JE^fc t B& 
l^«T-*4 0 03 5«?-fAft- Mc^-r^^co* 
2 ®Sl^« ^ -fe > -9-^ 2 co 4 > b* - ^ > 7. cogai lt^ 
coWlcfr^n^o as, •fe>^*i L 2co«®Hlcli0.' 
40 3 VcoSX«BE* j en*P§ixTi3l9, 12 8msSi:|l 
CDS&& (S^&?S) 0Oxlt2. 5 KHz co^&/n-;U 

x*-t>vm : ¥-2 icepftnL, sss^^vwxcoeniDme 4 
mssa-r^^ic^ico^atia (fiSi&sc) #ax.if5o 
ohz cofi®^N-;p^^*>-9-* : F-2 icenjp-r^o *i 
(S&jss) 4 >v-9>xzacm&m®.'*)i<Amn 
^Ait.8 5^ ssafcK-tv**^ *aL*L4ma[ 

Iml^^tBLr-b^-y-^eniQSIEcOii^A Vm (0. 
3-0. 1=0. 2 (V) ) tmSECOli^A I m ( I ml 
-Ims) frhttlZSHOniU-tZo 
50 Zacl = A Vm/A I m= 0. 2 / ( I ml- I ms) 
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Imsli4mstt^«kasa-&-t>-9-* : FOlR* 

[0 0 5 9] §2 i&mWL) <t>\£-r>AZBc2 iiffi 
JS&^l'XepjQ^ WxtfO. 9 5msgafti:*>t 

2 ^^fL^mffi i m2*^m Lx^>^m z Fmum& 

«AVm (0. 3-0. 1=0. 2 (V) ) fcSflfc 
Oli^Alm (Im2-Ims) * t^CJ: *) Ifflt^o 
Zac2 = A Vm/A I m= 0. 2 / ( I m2- I ms) 

epjnft. 5 o 0/i sft«fce*>fc3iu SB»« 
^°;i/xepsn?£6 4 m sSia^utes«^^^**epins^ 

m s fc *^JR*WpIB 1 m s «r*ftfcftJB*/<^^09«HI 

^>£02 8-03 4 Srfflv^TJttT^BjMHStMi-io 

[0 0 6 0] 0 2 8 ^t7n-f Mi. 0 4 
i-y n-^-v- h fcJtLT, 114^77^401, 4 
02, 403, 4 0 4*5^^4 0 5-4 0 81^ 
tig] 2 8^77^2 8 0 1 , 2802. 2806, 2 
8 0 4*11^2 8 0 7 - 2 8 1 0 KUKWKjtfJS LR— 
ftka^UffSixao-eSiWSr^B&L. gI4C0'7n-^^ 
- MciiinSftfcXx ? 72 8 0 3*5*0*2 8 0 5 
^"CO^JSLT^giWi-^o Xr7y2 8 0 3m Vm 

oepuna^soo/* s#eaLfc*5***fflBUu 

flSMS*a*YES«>i: 11^77^2 8 0 5Kjt^. * 
O^JglJfe^NOOfc^Ji^xy 72 8 0 6 Kjttro X 
77^2 8 0 5tliv>f ^nnvtfjL-^ 1 H^LP 
F 1 7^7^;i/^5e»***i-*«l«ic«*«:ia*i- 

[0 0 6 11 029, i3 0C/7t7D-ft-Hi, 
A/F-fe>> 1 ^^133 D^t^t^ ? ^ 

* *)mtT*>vmT2<Dm^mffi.ztftitix£2> * \z 
■fe>**^2tcenini-t4*ffi«:, A/Fyy-^ti 

tiftfiO (^77^2 9 0 5) ^<biEflO ^77^300 
7) H, A/F^X h>f*i 7tl*'J ?T<Dt £ fiaEfiPJ 
(^77^2 9 0 4) ri*<bft«l U77-/3 0 0 6) K 
EPiPLTV^o 02 9, 03 0O7n-ft- h 

[0 0 6 2] 02 9i:^t7n-f t-Hi % 0 5 tc^ 
t7 n-f-ir- b titLT. 15^)^77^5 0 l^J: 
tf5 0 3 -5 0 5li. ftifti@2 9O^77r2 9 0 
1**0*2 906-290 8K*«ftfcitJ6LH— JttS 
**Hff Sn.*OT-|JtW«:«H&L. 1507n-ft-F 
KitftlLfcXf- 7 7^2 9 0 2 - 2 9 0 4*3*0^551.*: 
X77 7^2 9 0 5 Cov^^^Tl^t ^>o ^7 7 
7^2 9 0 2T-li, £«Jt*>*10ffi**<b£«Jt (A 
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/F) **y->*5 (X ^S/cliU 7^) **«g|| 
L, A/F**U->k*J8US*Lfci: §l*Xx 7^2 9 0 
3 Kit*. ^77/2 9 0 3tU->|J^77^LFL 
GtlWy.FU ^77^2 9 0 5 Kjft tr G A-r-y? 
2 9 0 2tA/F^ h4*ifz\**) v + tmmZtit: 
£ £(iXx y 72 9 0 4 Kit*. 7^2 9 0 4tg 

j^Jt-tv^i KVmr =0. 5 vfcepitrt&o xx*7 

2 9 0 5T-t±, ^BJt-fe>^ 1 KVml = 0. lVSrEPiD 

10 [0 0 6 3] B3 0^t7D-ft-Hi, 06K7F 
f7n-ft- h fcifcLT, 16^77^601-6 
0 3**0*6 0 4 1*. ^fi^*i0 3 0^777^3 0 0 

1-3003** 3 007 tznsmztt&Lm-tm 

Ki&inLfcXx 7 73 004-3006 i:ov^O^U 
TUiftW-tio ^777*3 0 0 4-Cli, 02 9 COX 7 7 
/2 9 0 3t'J~>fl£77^LFLG«7 YZtitz 
rt*5**«SIU LFLG=1 fcflaiSfLfcfcgli^-r 
y 73 0 0 5 Kit«fc, ^777^3 0 0 5 "C U ->fl£7 
20 7^LFLG*0l:n7bU ^77-/3 0 0 7 Hit 
tf 0 ^f7^3 0 0 4tLFLG=0t«8ISftfci:S 
1^777^3 0 0 6 Cjft*. ^77/3 0 0 6T^«*Jfc 
■feV-frl HVm2' =0. lV^Wt^o Xt77 p 3 0 
0 7TMi, £$Lfcfc-fe>*9- 1 UVm2=0. sv^enin-r 

[0 0 6 4] 0 3 1 i:^t7D»f ^- Mi. @7Cf 
D-f-*- h t>6R|— T'S>0, @7<7)X777'7 0 
1**0*7 0 2(1, ^*x-T*x0 3 1 OX 77-Z3 1 0 1 

**o*3 1 o 2i<zttfcLm-&m&mft2ixzwxuw 

30 £€B&-f £ G 03 2, 03 3 CSt7n-ft- Mi, 
A/F-feV-9" 1 Offi£j£0 3 fc^-f^-f 7 * lx>v 

1 Offi* £ y>f x ^ v Z V > yrtj:*«ftii fc K 
* ^*£r*>** : f-2 0K#*8lt*lfta"CS4i ^ K 

n^OT^o z<Dtz#>, mM<omn&Mitizfozx 
gg«sjt-fe>^i tcensDi-^mffiSr. A/F^j->^)t 

SiiftHJ Ut-77'3 2 0 5) **>IE« (^777^3 3 
0 7) A/FWA h«f*£fcli'J 7fOt ^ (^lEfflU 
^77^3 2 0 4) rt^ftfifl (X77-/3 3 0 6) 
40 eni0LTV^ o ^ctl. 03 2. 03 3<7)70-ft- h 

[0 0 6 5] 0 3 2 i:*t7u-f Mi. i8t:f 
t7U-ft- h titLT. 180X777^8 0 1. 8 
0 2, 8 0 4 £* 8 0 5li, Zfr^tim 3 2 <0X x v 
-/3 2 0 1 , 3 2 0 5, 3 2 0 8* *tf3 2 0 9 CHI 

8coyn-^^ - h HiiiD^ix^XT- 7 y 3 2 0 2 -3 
204. 3206**^3 207 Uoi,^T<0^tJLTC§i 
^i-^>o Ar-y-73 2 0 2TM*. ^*SJt-b >^ 1 <OtfJ2j 
50 frb^Bit (A/F) a";->*5 (Xh^i/:li'J 
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X-f y 7"3 2 0 3 fcit*^ Xx *> 7 3 2 0 3 TU - 
^77/LFLGSrlC't7fU ^T7y3 2 0 5 i: 
ittfo ^777^3 2 0 2T-A/F^ M^tfctt'J y 
f-kWBUSftfci: ^«i^-r ^y3 2 0 4 Kit*, *7-y 

^3 2 o 4 ^ffijSKJt-fe i \z vmr =0. sv^epjn 

1"*o ^777^3 2 0 5tNi. S*SJt-fe>-*M UVml = 
0. 1 V££Pin1-£o ^77/3 2 0 
S»3#3|s:;i/-f->HS&^f> (kX6 4 + 4) msec ( k fi 
«S»2, 4,6, •••) e«Lfcl*M*5**flSIU * 
O4HIg0^*^YE S<Dt §(i*f- ? 7^3 2 0 7^ii*, 

3 5 K^i-3msec*i(B:aa^> , ^^SW^>2msecK^<;U-X 
JR*WHIlinsec«rlni«Lfc«FlBSr*L, £*Jt-te>*4> 
mSKImsOtt^^SW. 4 msec £ Dgi^o *x 7 73 

2 0 7trli, *r>f ^nnvtfj.-^ l n:i^@280 
^77/2 8 0 5"CiDllfcitfcL PF«Hfti«-8'*r* ; 7C 

[0 0 6 6] 133 3 K^1-"7n-^- Mi, 
t7n-f^-h fcJfcLT, 09^X777^90 1-9 
0 3£<fcr/9 0 4li, *rti?tim3 3W7 7^3 3 0 
1-3303 33i #3 30 7i:HKfti:#lBLH-ftI 

KiiJnL^^T-^ 7^3 3 0 4 - 3 3 0 6 i:ov^^ 
TK§£931-&o X77-/3 3 0 4TSi, B3 2M77 
^3 2 0 3-C'J->«77/LFLG^7 hSflfc 
^5^£*J!SUU L F L G = 1 t fflglj £ *Lfc fc § li* r 
*:/3 3 0 5fcji*. Xf7*/3 3 0 5T*U->Wc-7 
7^LFLG*0t:n7H, ^77^3 3 0 71:1 
tfo ^777^3 3 0 4 tLFLG=0 tmtiZtltztZ 
liXf 7"/3 3 0 6 Kit*. ^77 7 P 3 3 0 6 T?S*SJt 
■fe>*l fcVm2' =0. 1 VtMot^o Xr77 P 3 3 

0 7tlt S«Jt-b>1M (CVm2=0. SVZmvt 

[0 0 6 7] 134 KTjrf 70 Hi, H 1 0 tc 

1 0 0 1 fc-fcLFl 0 0 2 li, -e-n-PaiUS 4<£>;*7 L ;' 7 

3 4 0 1 ^^1/3 4 0 2 ICjhJ-JSLra— ^a^H^TStt-S 

St^i^^EpipLfc^li, C P U«M^'7 

v>o ifc, is 2 (ffijgjfc) -f > \£-r>xnisim9m. 

^1 (KJHtt) -Tvti-fv^ftlfJillOlllCl 
£&ifc*>*l«»ffl$vri f ££L£#SI?>i#tc<D 
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**fT-f * i ? i:UUv>. 
[0 0 6 8] J^iSiEBL^^JteW^TMi, fi^M >- 

fc'-^>x*^i±j-r*®siS-'<-'i'^eniD^f>^>4m s h 

C:n»4H2 8«Xf '^2 8 0 7 K i S-t>^ff 2 <£> 
{Sl^mBSImsWK^^^x y 7*2 8 0 6**^- i 9 K 
4msft(Cfi : ^TV^C:i:^t ) *lJ^o Lri»&K, 
W > tf- ^>*<Affl£liE8£K£v>ftJSi£^i/;*. zeptu 

yN';l/^.<DSiSSSc5 OOHzi, ^x.lf 2 5 H z ^51" 
Sit^'IS Lv*o L#>Lft5&*&>, ZV>®&ffiM2 0m 
s ettCOXItn t> -b >-*^J=- 2 <0««#M<7)»m$* 
K«fc pflx-MT 8tn s tft< ft 1)^2 8ms«rili$l 

it -t v -9- o w&mwi 4> y£ - r > * o >t * (c-s 
it *u£& e> ft v^ 0 £ noaniJtMtfijatt' * Win 

20 

[0 0 6 9] fit, -OP^H^^^-t*, -ttf:t>*>\g. 
tilK&^fflx.\£2 5HzOfiM^?:-t>ti ; f-2 
lienjDLT-t>*«T-2cofi®«i^ >fcf-^>X«r^ffi 

ntttc, •t>-9-»^-2<7)©^?gi'r >b'-^>^<7) 
* ?g^Jt -t > -9- <o ^mitmm^n w «a ^ 

«**«WOtt«)|li6^I8ov»rH3 6-13 Sfcitf 
1213 9 -14 0 JfflV'T&TtWi, 
[0 0 7 0] 13 6lil *^ffiftt-J:*fiSa['f >t?~ 

(a) ii-bv^«^<oenspiis^^-riaT-*i9, (b) 

tt-b>-9-*?-«)*a*^1-BI-C*«« I3 3 6 tc^i-i d 
(C, t li: 2 5 H z OiEllOcoe^jS^^^X tLPF 
1 7 Sr^LT-feV-y-SH^ uepiPLfc^l m sftiS&tf) 
Nf^Jt 2U-feV9"* : f-2 0*a ! Srtftttli- 4 0 t 1^ 
*b 1 . 5ms SS^'<ONfSiJ t 3 (CftHKOfiSifc/^X * 
LPF 1 7 ^^LT-t>-9-»^-2 KEPflPU ^fSU t 1^ 
<b 3 m s gi§f£<OB#$J t 4CLPF1 7 ^<D©1H30fi:^ 

igy^;u>!.<7)enjp^^i--2.o -t >*t-%=f- 2 — coenipmiE 

40 imm t 4 JilK 1 m s gJg-CJRili-f -2> D 

[0 0 7 1] t: 5T% NfSO t 1 C 2 5 H z WIEfiHW® 
@$/<JW^LP F 1 7 ^^-LT-lr^-9-^2 IcenJjpL 

tz®mm 1 3 Kft«©ftja*><***ffliraLft*ofc» 
■ty^m : f-2ff)^imm&ii. mat li-yoms 
eaL^i**dt i o iziEmn&m®.'***^ 

mm t 1 B#<oepj)PBJE 0 . 3V(Cif»-AV (0. 2V) 

^ip»L/co. 5 v(cir^i-* 0 &m&-< >\£-r>* 

Zac2 (i, 0 3 2Wf 7-/3 2 0 8 T*^fSU t 2 KS9£ 

l -t > vm* 2 wwaffl t enfip«afi t \zm^ § * m 
so £*l£ 0 i .^msi-iixif, &mfS.ww<)^^<D 
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<b> 2 om.mmmm&Qitn'tn'Aiiimzi-t 

& «j ftja* >r > e - ^ > ^ «o^m«s* i ^+^ t £ * 0 

[0 0 7 2] 0 3 7l±2gtemm~i-Z&m%L'{>l£- 

(a) ii*>*#T<o^io*ffi*^i-H-e**K (b) 

l±-k>-*rm?-<DW.%LZ7fi1rmr-$>Z>o 0 3 8li0 3 7<D 

(B) OJ£^0-C-*4 O i37> 13 8 IZtt^X 9 
«#*J t lit) JSMftT'W- 4ms fttC, WitTO*!] t 0 K-fc 

>*rm7-2<7>n%LAF J1 iikiiii., mmt 1 1:2 sh z 

WiEfflWftaS^>X*LPFl 7 fc^fC-tV*^ 
2 KEPiP Ltf lms£±tr2ms i£i§&<DB#S!l t 2 , 
t 3 tC-fc>*^2 0^«iAFi 2 , AF I3 ^ftlf^ 
tB"f VfM t 1 2 . 5ms SiittOI^M t 4 Kf* 
ffl<o®^ft/<;wx * l P F 1 7 fc^LT-tv-y-sSH^ K 
EPJlD U tifMt H^5ms &ifi%«>l$#J t 5 K L. P F 
1 7^«3|*«03fiHfc'<*x*#Kti-4 o 2 
^oentn«ff»i«ftBl-t 5Ja»lmseS-CJR3Ki-4o 

[0 0 7 3] fc CI B#S"J t 1 fc 2 5 H z OJEfflWfi 

M'^iLPF 1 7 Srtf-LT-bV-^-siH^ HEPSDL 

fc&u*ay t 4 fca«<ofiE«'<***ePiraL4*»ofc» 

■t>**i 1 2coentpm)E»i> NfSU t lH20ms 

b#£ij t m.wenJramjEo. 3vc^av (o. 2 V) 

^-LT, 18MWLQim'<»'X&ttM-t&f&m t 
1 0 1 i)ffiS«r^^J t 0> t2> t 3 K&tiiLTt-trV 
■9"» : f-2 0«5ftfflAFi 1 , AFi2> AFiatrffl^T, 8# 
Mt 1 OtCJR^-r-J»-tr>-9-«^-2cD«BK1iAFis«r^:<0 

i = Io + (Is- Io)e <-«"■» 

t lifiSSc^il'X epiJD^W^^ 1 If T l± L P F O 

^acRjfn?nfto ±s:tc-tv-9-»^2ompii 

ttAF„, AF, 2 , AFi3^«Ai-4tTEWJ15z:*g 

AF12 =AFn + (Is- AFn) e'- t,/T) 
AF, 3 =AFn + (Is- AFn) e ( - t2/T> 
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4Clt^T*§4o fiJS&-f >fcf-2 r >*Zac2 li, 1213 
2«0Xf 7 7'3 2 0 8T-±E«iTtSffiL/t:-t>ti 

t- 2 osaui i s teniomjE^ii^A vtc^sjtiB 

tf* -fe v^jmflftottJKWfM t u.tfiHtifclK'S 
^t:I2l3 9^ 4 OiJlt/HlU 1 -0 4 4 £fflv>TJ2lTK 

[0 0 7 4] 0 3 9 l±f6S?&/^W^ep*DP#0-b 

io »^^tit$>i), 124 o»±ffiffljfc>w*epDni£ffeK 

T*ab^o 03 9 t04 0 fc£Jfc$M-&fc. 114 Ol^t 

5i«w*o -ra:*>^ ^2 (fi) jajftSMajaa^aMfu 
[0 0 7 5] E4iiif2 mwi$kmm*&w$:m?T L tzU 

mzW, 1 JS&&M&a*#S^?-££#i::#g&-b 

ttiUll^7n-ft- YX*>Z> 0 H14 1 Kfrf 7 
o-f--v-H± % 13 2 Cft7D-ft- KliJtti 
XT y 7*3 2 0 7 *BlUfeLfct©-C*4o 0 4 icox-r 
•7^4 1 0 1 ~4 1 0 6*1^4 1 0 7, 4 1 0 8111 
30 3 2(OXf 77'3 2 0 1 - 3 2 0 6^ < tU t 3 2 0 8, 3 
2 0 9K*K-r*i.*tJ&LH— ftta^ffSftAWCKW 

[0 0 7 6] 0 4 2tt*2SflE»«*« ! a*aff LfciS 

ife u * i s^ss^ta * way**?-*- * ^ * 4 « 

3fjiifea^-f->W7n-f--r- h-C*4 0 04 2 IC 
^f7n-f Hi, 03 3 (C^-r^n--^^- h n 
i5lt4Xx y ^3 2 0 5 ^filJ^L^^XiOT-^^o 04 2 
WXf7 7 , 4 2 0 1 ~4 2 04i5J:O t 4 2 0 5 > 420 
6ti0 3 3 <D7. r-j-fZ 301-3304 i3J:If330 
40 7. 3 3 0 6iZ*ii?1xttfoLm-%kmi!> s m?T2tlZ><0 
TRW *o 0 4 3«±^2S&m**«ta4:«fi ; 

Hi^4*iix^a^-^><7)7n-^^- n:-*4o 0 

4 3©^f '^4 3 0 li3ii/4 3 0 2 1±0 3 4«Xf 
7^3 4 0 1^11/3 4 0 2 iZJrHZ'tmfcLm-t&W 

[0 0 7 7] 04 4 li^2®j£Sc*^a«r^fi : L^it 

a i= * • i szssfia^a * ws&ff-r ^ ^ * k. &m % % 

50 f77"4 4 0 1 T*l±, ±12^4 * -f ^SliiOjgE&ft 2ms 
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t tK Xf^44fl 2^jt<fc. *<0«SIJ*§*a~NO<0 
t 4 0 l-NK&c 4 0 2-e 

li, HI 4 l©Xf ->/4 1 0 3T--;->*lJ^7 9^LF 
L Grt'-fc y h f*fLfc*5***IHI U LFLG=ltfl 
SU ^ iX7t i: iliX-7 L -7 7'4 4 0 3 UJt*, Xf ^4 4 
0 3 -C^&Jt-fcy* 1 HVml= 0. 1 VSrEpSD-r^o * 
X774 4 0 2t*LFLG=0t ^JSU £ ixtz t # l±X -f 
•7/4 4 0 4 Kit*. X-r y 7*4 4 0 4 T*£$Ut-k 
llCVml" =0. 5 VieptiU-TZo 7^4 4 

0 5 T-»± "J - 7^LFLG^r0^'J-t7 H, 

Xf77'4 4 0 6tiUPFMifS:*7i:U 
•;y4 4 0 7Ujtttr 0 Xf-^4 4 0 7"CI±, _h|fif#4 
* -f vtliiwifefta 3 msecrt'Sii L/-:^5^**IJSIJ U 
-e-OWgOilS^YESOfci, Xf7/4 4 0 8 Kit 
A. *-ry 7°4 4 0 8^*SJt-fe>^lCVni2= 0. 5V 

corns i-eniip-r^o xt77'4 4 0 7 w«su^** j n o 

OtJ, Xf 77*4 4 0 9^ii*, Xf-yT'4 4 0 9 T* 

^SfcJt-tv-* tcvm2* =0. 1 v^mjESrepinu Xf 

-/7"4 4 1 O^jttfo Xf'y/44 1 OTii, ^JUSJt-fe 
>^lCVm=0. 3 VWmffi«reniPLTffl#co^*Sit^ 

[0 0 7 8] *KBI4 5 K^*£*SJt7 4 - K/*y >?U\ 

tcR9i-r<&. *^-f->ii. -tr>-9-^2^fiScot § 

fi^* (^-r-y 7*4 5 0 lt'YESO) *xy 
7*4 5 0 2 T'^Jt7 4 - K><* ^«|»'=iJ»t4Jt«« 
P, flt^I. i»«DO#**'fv«:fV'LOWr>fv 
■cIxSeL, -tr > 2 *'r&t*Mfc L fc^|fi#Battc* 
o*v»T£$Ut7 4 - V/<y 9 Wmwnfrf T*i>& Z t i 
St777XLMTAF)) ! -b7h?ilTV>4 Uf77' 
4 5 0 1 tNOi"5Xt 7 7*4 5 0 3TYESCO) t§ 
liXf7 7"4 5 0 4T*±KP I DCD&y-f > £ H I GH 

r<i y\zmfc-$-z>$>(ox~jbz> 0 xt7y4 5oi ic^-r 

757X IMPAFIi< *>*5'H 1 2C0ft/"'8i-£-<f >tf- 

J77n-iJ, Xt7 7'4 5 0 1 t-NO^X 

f77"4 5 0 3T-NOtOt #(i-t> -4-^^**5 0 0° 
CWTT*^Jt**^ai^t6^C0-C-^x y 7-4 5 0 5T^ 
BSty 4 - tMWSgiky^rXPHAF £ 1 tc-fc 

y M-^o Xf7y4 5 0 2fcJ:y t 4 5 0 4 T*-£^Jtf6IJ 
85-7M >l±LOW£J:U f H I GHt-fS'ELTtf^ Xf 7 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To conduct a decision of a deterioration of a 
sensor element, a correction of an element temperature control target 
value, and a correction of an air-fuel ratio by obtaining parameters indicting 
characteristic change of an air-fuel ratio sensor. 

SOLUTION: The controller 10 for an air-fuel ratio sensor 1 for detecting a 
current corresponding to an oxygen concentration in gas to be detected by 
applying a voltage to a sensor element 2 of the sensor 1 comprises an 
impedance detecting means 10 for applying AC voltages having a plurality 
of frequencies to the element 2 to detect an AC impedance of the element 
2 for the respective frequencies, and a parameter-calculating means 10 for 
analyzing the AC impedances of the plurality of the frequencies detected 
by the impedance detecting means to calculate a parameter indicating 
characteristic change of the element 2. 
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CLAIMS 



[Claim(s)] 

[Claim 1] A control unit of an air-fuel ratio sensor which detects current corresponding to an oxygen density in detected 
gas from this oxygen density sensing element by impressing voltage to an oxygen density sensing element characterized 
by providing the following An impedance detection means to impress alternating voltage of two or more frequency to 
said oxygen density sensing element, and to detect an alternating current impedance of this oxygen density sensing 
element to each of this frequency A parameter calculation means to compute a parameter which analyzes each 
alternating current impedance of two or more of said frequency detected by said impedance detection means, and shows 
property change of said oxygen density sensing element 

[Claim 2] A control unit of an air-fuel ratio sensor [ equipped with a failure judging means to judge failure of said 
oxygen density sensing element according to said parameter computed by said parameter calculation means ] according 
to claim 1. 

[Claim 3] A control unit of an air-fuel ratio sensor [ equipped with an air- fuel ratio calculation means to compute an air- 
fuel ratio of said detected gas from an output value of said oxygen density sensing element according to said parameter 
computed by said parameter calculation means ] according to claim 1 . 

[Claim 4] A control unit of an air-fuel ratio sensor [ equipped with an activity judging means to judge whether said 
oxygen density sensing element is an active state according to said parameter computed by said parameter calculation 
means ] according to claim 1. 

[Claim 5] A control unit of an air-fuel ratio sensor [ equipped with element ********** which heats this element and 
controls temperature of this element by energizing a heater attached to said oxygen density sensing element according to 
said parameter computed by said parameter calculation means ] according to claim 1. 

[Claim 6] Said impedance detection means is the control unit of an air-fuel ratio sensor given in claim 1 thru/or any 1 
term of 5 which impresses alternating voltage of two different frequency to said oxygen density sensing element among 
two or more frequency. 

[Claim 7] Alternating voltage of two or more of said frequency which said impedance detection means impresses to said 
oxygen density sensing element is the control unit of an air-fuel ratio sensor given in single shot-[ a term ] claim 1 
thru/or any 1 term of 6. 

[Claim 8] Said parameter calculation means is the control unit of an air-fuel ratio sensor according to claim 6 or 7 which 
computes said parameter among said two or more frequency from a difference of each alternating current impedance of 
said oxygen density sensing element to two different frequency. 

[Claim 9] It is the control unit of an air-fuel ratio sensor according to claim 6 or 7 chosen from a frequency band which 
detects an impedance in which the 2nd frequency contains electrode interfacial resistance of this oxygen density sensing 
element by choosing the 1st frequency from a frequency band which detects resistance of an electrolyte of said oxygen 
density sensing element between said two different frequency. 

[Claim 10] Said impedance detection means is the control unit of an air-fuel ratio sensor according to claim 6 or 7 which 
switches said frequency in predetermined sequence in case alternating voltage of frequency from which said plurality 
differs is impressed to said oxygen density sensing element. 

[Claim 11] Said impedance detection means is the control unit of an air-fuel ratio sensor according to claim 6 or 7 which 
impresses said alternating voltage through a filter with which a filter constant is switched according to this frequency in 
case alternating voltage of frequency from which said plurality differs is impressed to said oxygen density sensing 
element. 

[Claim 12] Said impedance detection means is the control unit of an air-fuel ratio sensor according to claim 1 1 which 
sets a filter constant of said filter as a thing corresponding to the frequency concerned until it is completed by current 
value detected from this oxygen density sensing element, after alternating voltage of predetermined frequency is 
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impressed to said oxygen density sensing element and the impression is completed. 

[Claim 13] Said impedance detection means is the control unit of an air-fuel ratio sensor given in claim 10 which 
forbids a change to alternating voltage of different frequency from said predetermined frequency until it is completed by 
current value detected from this oxygen density sensing element, after alternating voltage of predetermined frequency is 
impressed to said oxygen density sensing element and the impression is completed thru/or any 1 term of 12. 
[Claim 14] Said impedance detection means is the control unit of an air-fuel ratio sensor given in claim 10 which 
forbids calculation of an air-fuel ratio of said detected gas from an output value of said oxygen density sensing element 
until it is completed by current value detected from this oxygen density sensing element, after alternating voltage of 
predetermined frequency is impressed to said oxygen density sensing element thru/or any 1 term of 12. 
[Claim 15] Said air-fuel ratio calculation means is the control unit of an air-fuel ratio sensor according to claim 3 which 
computes said air- fuel ratio among said two or more frequency based on an alternating current impedance of said 
oxygen density sensing element to highest frequency. 

[Claim 16] Said activity judging means is the control unit of an air-fuel ratio sensor according to claim 4 which judges 
whether said oxygen density sensing element is an active state among said two or more frequency based on an 
alternating current impedance of said oxygen density sensing element to highest frequency. 
[Claim 17] When said impedance detection means impresses alternating voltage of predetermined frequency to said 
oxygen density sensing element by 1 cycle, Impression of this alternating voltage is canceled to the 2nd half cycle in the 
middle of the 1st half cycle of this alternating voltage in the middle of the change this 2nd half cycle. A control unit of 
an air-fuel ratio sensor according to claim 6, 8, 1 1, 12, 13, or 14 which computes said alternating current impedance by 
measuring voltage impressed into said 1st half cycle to said oxygen density sensing element, and current which flows 
this oxygen density sensing element then. 

[Claim 18] When said impedance detection means impresses alternating voltage of predetermined frequency to said 
oxygen density sensing element by 1 cycle, Impression of this alternating voltage is canceled to the 2nd half cycle in the 
middle of the 1st half cycle of this alternating voltage in the middle of the change this 2nd half cycle. A convergence 
current value of said oxygen density sensing element by impression of said alternating voltage is computed by 
measuring current which flows said oxygen density sensing element in said 1st half cycle twice [ at least ]. A control 
unit of an air- fuel ratio sensor according to claim 6, 8, 1 1, 12, 13, or 14 which computes said alternating current 
impedance from said alternating voltage and this convergence current value. 

[Claim 19] Said impedance detection means is the control unit of an air-fuel ratio sensor according to claim 6, 8, 1 1, 12, 
13, 14, 17, or 18 which impresses alternating voltage of high frequency by 1 cycle from said low frequency immediately 
after impressing alternating voltage of low frequency to said oxygen density sensing element by 1 cycle. 
[Claim 20] Said impedance detection means is the control unit of an air-fuel ratio sensor according to claim 1 which 
detects an impedance of low frequency only when it is in a condition by which a gas ambient atmosphere in which said 
oxygen density sensing element is installed was stabilized. 

[Claim 21] The condition that a gas ambient atmosphere in which said oxygen density sensing element is installed was 
stabilized is the control unit of an air-fuel ratio sensor according to claim 20 warming up of the engine by which an air- 
fuel ratio is controlled using said oxygen density sensing element is carried out, and he is [ sensor ] at the time with little 
change of the rate of flow of exhaust air. 

[Claim 22] A control unit of an air-fuel ratio sensor which detects current corresponding to an oxygen density in 
detected gas from this oxygen density sensing element by impressing voltage to an oxygen density sensing element 
characterized by providing the following An impedance detection means to impress alternating voltage of one frequency 
to said oxygen density sensing element, and to detect an alternating current impedance of this oxygen density sensing 
element to this frequency An air-fuel ratio calculation means to compute an air-fuel ratio of said detected gas according 
to said alternating current impedance detected by said impedance detection means 

[Claim 23] Said frequency is the control unit of an air-fuel ratio sensor according to claim 22 chosen from l-10kHz 
frequency bands. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention detects the impedance of an air-fuel ratio 
sensor element like the oxygen-density sensing element which detects an internal combustion engine's exhaust-air air- 
fuel ratio with a sufficient precision for a short time, and it relates about the control unit of an air-fuel ratio sensor based 
on the impedance which detected to the control unit of the air-fuel ratio sensor which amends aim temperature of the 
air-fuel ratio sensor element heated by heater energization in order to maintain calculation of the air- fuel ratio from 
failure of an air-fiiel ratio sensor, the judgment of an active state, and the output value of an air-fuel ratio sensor, and the 
active state of an air- fuel ratio sensor element. 
[0002] 

[Description of the Prior Art] In Air Fuel Ratio Control of an engine in recent years, in order to arrange an air- fuel ratio 
sensor and a catalyst in an engine's exhaust air system and to carry out the maximum clarification of the injurious 
ingredients in exhaust gas (HC, CO, NOx, etc.) according to a catalyst, feedback control is carried out so that an 
engine's exhaust air air-fuel ratio detected by the air-fuel ratio sensor may turn into an aim air-fuel ratio, for example, 
theoretical air fuel ratio. The oxygen density sensing element of the limiting current type which outputs the limiting 
current in proportion to the oxygen density contained in the exhaust gas discharged by the engine as this air-fuel ratio 
sensor is used. The limiting current type oxygen density sensing element is useful in order to detect an engine's exhaust 
air air- fuel ratio from an oxygen density to a wide area and a linear, to raise the Air Fuel Ratio Control precision or to 
control to make an engine's exhaust air air-fuel ratio into an aim air- fuel ratio between the broader-based air-fuel ratios 
of rich - theoretical air fuel ratio (SUTOIKI) - Lean. 

[0003] In order that the above-mentioned oxygen density sensing element may maintain the detection precision of an 
air-fuel ratio, being maintained at an active state is indispensable, and it is performing energization control of a heater 
by usually energizing the heater attached to the allotropy child from the time of engine start up so that an allotropy child 
may be heated, early activation may be carried out and the active state may be maintained. Drawing 19 is drawing 
showing the temperature of an oxygen density sensing element, and the correlation of an impedance. There is a 
correlation, i.e., the relation that take to lifting of element temperature and the impedance of an element declines, as 
shown in drawing 19 by the thick wire between the temperature of the above-mentioned oxygen density sensing element 
(it is only hereafter described as an element) and an impedance. Paying attention to this relation, in energization control 
of the above heaters, the impedance of an element is detected, element temperature is drawn, and feedback control is 
carried out so that that element temperature may be set to desired activation temperature, for example, 700-degreeC. At 
for example, the time (Zac>=30) more than of impedance 30omega of the element with which the impedance Zac of an 
element is equivalent to 700 degree of initial ********** c as shown in the thick wire of drawin g 19 , at i.e., the that 
****** is below 700-degreeC time It energizes at a heater, and from 30 ohms, the temperature of an element is 
maintained at the time of smallness (Zac<30), i.e., ******, more than the activation temperature C of 700 degrees by 
performing control of which energization of a heater is canceled, when exceeding 700-degreeC, and Zac is maintaining 
the active state of an element. Moreover, the amount of energization required in order to lose the deflection (Zac-30) of 
the impedance and desired value of an element is calculated at the time of heater energization, and it is performing duty 
control so that the amount of energization may be supplied. 

[0004] According to the conventional technology, in order to face detecting the impedance of the above-mentioned 
oxygen density sensing element and to detect allotropy child temperature as indicated by JP,9-292364,A, for example, 
the alternating voltage of one desirable frequency is impressed, and the impedance is detected. Resistance of an 
allotropy child's electrolyte section can be measured by impression of the voltage of this frequency. However, since 
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resistance of this electrolyte section did not change with secular change notably, an allotropy child's impedance did not 
change a lot, either, but was considered that the temperature of the allotropy child who shows by the thick wire of 
drawin g 19 , and the relation of an impedance are not concerned with secular change, but abbreviation maintenance is 
carried out. 
[0005] 

[Problem(s) to be Solved by the Invention] However, after the above-mentioned oxygen density sensing element carries 
out durable deterioration, in drawin g 19 , a dashed line comes to show an allotropy child's temperature, and the 
correlation of an impedance. Here, the structure, equal circuit, and impedance characteristic of an air-fuel ratio sensor 
element are explained below. Drawin g 20 is drawing showing the structure of an air-fuel ratio sensor element, (A) is a 
cross section and (B) is the elements on larger scale of the electrolyte section. 

[0006] Drawing 21 is drawing showing the equal circuit of an air- fuel ratio sensor element. In drawing 21 Rl For 
example, the bulk resistor of the electrolyte which consists of a zirconia (the grain section of drawing 20 ), R2 
Electrolytic grain boundary resistance ( grain boundary of drawing 20 section), R3 shows the interfacial resistance of 
the electrode which consists of platinum, C2 shows the capacity component of an electrolytic grain boundary, C3 shows 
the capacity component of an electrode interface, and Z (W) shows a part for the impedance produced in order that 
interface concentration may change periodically, if polarization by alternating current is performed (WARU bull 
impedance). 

[0007] Drawing 22 is drawing showing the impedance characteristic of an air-fuel ratio sensor element. For a horizontal 
axis, real part Z' of an impedance Z and an axis of ordinate are imaginary part Z M . It is shown. The impedance Z of an 
air-fiiel ratio sensor element is expressed with Z=Z f +jZ." Drawing 22 shows converging the electrode interfacial 
resistance R3 on 0 as frequency approaches l-10kHz. Moreover, the curve shown with a dashed line shows the 
impedance which changed when an air-fuel ratio sensor element deteriorated. The portion of an impedance 
characteristic shown with this dashed line shows that R3 changes especially with secular change. Moreover, also when 
the oxygen density of the gas detected by the air-fuel ratio sensor element changes rapidly, an impedance characteristic 
changes, as a dashed line shows. 

[0008] Drawing 23 is drawing showing the relation between the frequency of the AC supply voltage to an air- fuel ratio 
sensor element, and an allotropy child impedance. About drawing 22 , drawing 23 changes a horizontal axis into 
frequency f, and changes an axis of ordinate into an impedance Zac. Drawing 22 shows converging on a predetermined 
value (R1+R2), and an impedance Zac decreasing in a RF side and being completed as Rl by the impedance Zac from 
10MHz, in near [ frequency l-10kHz ] -10MHz. In order to detect an impedance Zac in the condition of having been 
stabilized, from this, it turns out that near l-10kHz where Zac is not based on frequency but serves as constant value - 
near 10MHz are desirable. Moreover, especially the curve shown with a dashed line shows the impedance when 
impressing the alternating voltage of measurable low frequency (less than 1kHz) for R3 which changes with secular 
change. The impedance in this low frequency shows the degree of deterioration of an air-fuel ratio sensor element. By 
the way, as the dashed line of drawing 19 shows, the temperature of an oxygen density sensing element and the 
correlation of a near [ l-10kHz ] -10MHz impedance which are an air-fiiel ratio sensor element change a lot as 
compared with the time of a new article after element deterioration. 

[0009] However, according to JP,9-292364,A, since only a resisted part of R1+R2 of an air-fuel ratio sensor element is 
measured, property change of an air-fuel ratio sensor element cannot be caught. Therefore, since the controlling element 
temperature after element deterioration will increase gradually, for example, it will be set as 800-degreeC if energization 
control of a heater is continued maintaining the element impedance Zac as element ****** desired value to 30 ohms, 
fault heating is carried out, deterioration is promoted and the problem that a life falls produces an element. 
[0010] Moreover, if ****** 0 r an element property changes and calculation of the air-fuel ratio from the output value of 
an air- fuel ratio sensor becomes incorrectness, the problem that an engine's emission gets worse will arise. Or when 
failure of an air-fuel ratio sensor and the judgment of an active state are performed based on the element impedance 
detected in the condition that such ****** 0 r an element property is changing, there is a problem that these exact 
judgments cannot be performed. 

[001 1] So, this invention solves these problems and it aims at offering the control unit of the air-fuel ratio sensor which 
amends calculation of the air-fuel ratio from failure of an air-fuel ratio sensor, the judgment of an active state, and the 
output value of an air-fuel ratio sensor, and aim temperature of an air-fuel ratio sensor element in consideration of 
property change of an air- fuel ratio sensor element based on the impedance which detected and detected the impedance 
of an air-fiiel ratio sensor element to accuracy for a short time. 
[0012] 

[Means for Solving the Problem] A control unit of an air-fuel ratio sensor by this invention which solves said problem 
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In a control unit of an air- fuel ratio sensor which detects current corresponding to an oxygen density in detected gas 
from this oxygen density sensing element by impressing voltage to an oxygen density sensing element An impedance 
detection means to impress alternating voltage of frequency from which plurality differs to said oxygen density sensing 
element, and to detect an alternating current impedance of this oxygen density sensing element to each of this 
frequency, Each alternating current impedance of two or more of said frequency detected by said impedance detection 
means is analyzed, and it is characterized by having a parameter calculation means to compute a parameter which shows 
property change of said oxygen density sensing element. 

[0013] The above-mentioned configuration analyzes each alternating current impedance which detected two or more 
alternating current impedances of an air-fuel ratio sensor element, and was detected, and a property parameter which 
shows property change of an air-fuel ratio sensor element is called for, and it becomes controllable [ versatility ] using 
this parameter. This invention is equipped with a failure judging means to judge failure of said oxygen density sensing 
element in a control unit of the above-mentioned air-fuel ratio sensor again according to said parameter computed by 
said parameter calculation means. 

[0014] This invention is equipped with an air-fuel ratio calculation means to compute an air-fuel ratio of said detected 
gas from an output value of said oxygen density sensing element in a control unit of the above-mentioned air-fuel ratio 
sensor again according to said parameter computed by said parameter calculation means. This invention is equipped 
with an activity judging means to judge whether said oxygen density sensing element is an active state in a control unit 
of the above-mentioned air-fuel ratio sensor again according to said parameter computed by said parameter calculation 
means. This invention is equipped with element ********** which heats this element and controls temperature of this 
element by energizing a heater attached to said oxygen density sensing element in a control unit of the above-mentioned 
air-fuel ratio sensor again according to said parameter computed by said parameter calculation means. In a control unit 
of the above-mentioned air-fuel ratio sensor, as for this invention, said impedance detection means impresses alternating 
voltage of two different frequency to said oxygen density sensing element among two or more frequency again. Single 
shot-like [ alternating voltage of two or more of said frequency to which said impedance detection means impresses this 
invention to said oxygen density sensing element in a control unit of the above-mentioned air-fuel ratio sensor again ]. 
This invention computes said parameter in a control unit of the above-mentioned air-fuel ratio sensor again from a 
difference of each alternating current impedance of said oxygen density sensing element [ as opposed to inside of two or 
more of said frequency, and two different frequency in said parameter calculation means ]. 
[0015] Inside of said two different frequency and the 1st frequency are chosen from a frequency band where this 
invention detects resistance of an electrolyte of said oxygen density sensing element in a control unit of the above- 
mentioned air- fuel ratio sensor again, and the 2nd frequency is chosen from a frequency band which detects an 
impedance containing electrode interfacial resistance of this oxygen density sensing element. In a control unit of the 
above-mentioned air-fuel ratio sensor, this invention switches said frequency in predetermined sequence again, in case 
said impedance detection means impresses alternating voltage of frequency from which said plurality differs to said 
oxygen density sensing element. In a control unit of the above-mentioned air-fuel ratio sensor, this invention impresses 
said alternating voltage again through a filter with which a filter constant is switched according to this frequency, in 
case said impedance detection means impresses alternating voltage of frequency from which said plurality differs to said 
oxygen density sensing element. Detection precision of an impedance improves by the above-mentioned configuration. 
In a control unit of the above-mentioned air-fuel ratio sensor, this invention sets a filter constant of said filter as a thing 
corresponding to the frequency concerned again until it is completed by current value which alternating voltage of 
predetermined frequency is impressed to said oxygen density sensing element, and the impression ends said impedance 
detection means, and is detected from this oxygen density sensing element. Detection precision of an impedance 
improves by the above-mentioned configuration. In a control unit of the above-mentioned air-fuel ratio sensor, this 
invention forbids a change to alternating voltage of different frequency from said predetermined frequency again until it 
is completed by current value detected from this oxygen density sensing element, after alternating voltage of 
predetermined frequency is impressed to said oxygen density sensing element and the impression ends said impedance 
detection means. In a control unit of the above-mentioned air-fuel ratio sensor, this invention forbids calculation of an 
air-fuel ratio of said detected gas from an output value of said oxygen density sensing element again until a current 
value detected from this oxygen density sensing element converges said impedance detection means, after alternating 
voltage of predetermined frequency is impressed to said oxygen density sensing element. Since an air-fuel ratio cannot 
be computed to accuracy if an air-fuel ratio in detected gas is computed from an output (limiting current) value of an 
oxygen density sensing element while applied voltage is carrying out the amplitude in case an impedance of low 
frequency will be detected, for example, if it explains more concretely, calculation of an air-fuel ratio in the meantime is 
forbidden by the above-mentioned configuration. This invention computes said air-fuel ratio in a control unit of the 
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above-mentioned air- fuel ratio sensor again based on an alternating current impedance of said oxygen density sensing 
element [ as opposed to inside of two or more of said frequency, and highest frequency in said air-fuel ratio calculation 
means ]. 

[0016] Based on an alternating current impedance of said oxygen density sensing element [ as opposed to / this 
invention / in / again / a control unit of the above-mentioned air- fuel ratio sensor / inside of two or more of said 
frequency, and highest frequency in said activity judging means ], it judges whether said said oxygen density sensing 
element is an active state. This invention is set to a control unit of the above-mentioned air-fuel ratio sensor again. Said 
impedance detection means When alternating voltage of predetermined frequency is impressed to said oxygen density 
sensing element by 1 cycle, Impression of this alternating voltage is canceled to the 2nd half cycle in the middle of the 
1st half cycle of this alternating voltage in the middle of the change this 2nd half cycle. Said alternating current 
impedance is computed by measuring voltage impressed into said 1st half cycle to said oxygen density sensing element, 
and current which flows this oxygen density sensing element then. By the above-mentioned configuration, while 
detection precision of an impedance improves, detection time is shortened, calculation impossible time amount of an 
air-fuel ratio detected from sensor current at the time of direct-current- voltage impression is shortened, and feed-back- 
control-of-air-fuel-ratio impossible time amount is shortened. This invention is set to a control unit of the above- 
mentioned air- fuel ratio sensor again. Said impedance detection means When alternating voltage of predetermined 
frequency is impressed to said oxygen density sensing element by 1 cycle, Impression of this alternating voltage is 
canceled to the 2nd half cycle in the middle of the 1st half cycle of this alternating voltage in the middle of the change 
this 2nd half cycle. In said 1st half cycle, a convergence current value of said oxygen density sensing element by 
impression of said alternating voltage is computed by measuring current which flows said oxygen density sensing 
element twice [ at least ], and said alternating current impedance is computed from said alternating voltage and this 
convergence current value. By the above-mentioned configuration, while detection precision of an impedance improves, 
detection time is shortened. 

[0017] In a control unit of the above-mentioned air-fuel ratio sensor, this invention impresses alternating voltage of high 
frequency by 1 cycle from said low frequency again, immediately after said impedance detection means impresses 
alternating voltage of low frequency to said oxygen density sensing element by 1 cycle. By the above-mentioned 
configuration, discharge of a charge in a capacity component of a sensor element after alternating- voltage pulse 
impression termination is terminated for a short time, current which flows a sensor element is completed for a short 
time, and air-fuel ratio calculation impossible time amount can be shortened. In a control unit of the above-mentioned 
air-fuel ratio sensor, this invention detects an impedance of low frequency among said two or more frequency again, 
only when said impedance detection means is in a condition by which an ambient atmosphere, for example, the exhaust 
air rate of flow, and an air-fuel ratio of said oxygen density sensing element were stabilized. Since frequency where an 
impedance of low frequency is detected decreases by the above-mentioned configuration, time amount of an engine's 
feed back control of air-fuel ratio out of control also decreases. Warming up of the engine by which an air-fuel ratio is 
controlled using said oxygen density sensing element is carried out, and the condition that an ambient atmosphere of the 
above-mentioned oxygen density sensing element was stabilized by this invention in a control unit of the above- 
mentioned air- fuel ratio sensor again is at the time with little change of the rate of flow of exhaust air. Precision of 
amendment of calculation of an air-fuel ratio at the time of low temperature until detection precision of an impedance of 
low frequency improves, deterioration of a sensor element and the reliability of an activity judging improve and an air- 
fuel ratio sensor results in an active state by the above-mentioned configuration, and aim temperature of an air-fuel ratio 
sensor element improves. 

[0018] A control unit of an air-fuel ratio sensor by this invention which solves said problem In a control unit of an air- 
fuel ratio sensor which detects current corresponding to an oxygen density in detected gas from this oxygen density 
sensing element by impressing voltage to an oxygen density sensing element An impedance detection means to impress 
alternating voltage of one frequency to said oxygen density sensing element, and to detect an alternating current 
impedance of this oxygen density sensing element to this frequency, It is characterized by having an air-fuel ratio 
calculation means to compute an air-fuel ratio of said detected gas according to said alternating current impedance 
detected by said impedance detection means. In a control unit of the above-mentioned air-fuel ratio sensor, said 
frequency is chosen for this invention from l-10kHz frequency bands again. Since an air-fuel ratio computed from an 
alternating current impedance detected by the above-mentioned configuration by impressing alternating voltage of one 
frequency, for example, frequency chosen from l-10kHz, becomes that by which the temperature dependence of an 
output of an oxygen density sensing element was amended, its detection precision of an air-fuel ratio improves. 
Moreover, when an oxygen density sensing element deteriorates by the above-mentioned configuration, time amount 
which activation takes since an allotropy child is activated becomes short at a value with a larger impedance of an 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/3/2004 



Page 5 of 16 



oxygen density sensing element than the time of a new article, feed back control of air-fuel ratio can be started at an 

early stage, and exhaust air emission at the time of engine start up improves. 

[0019] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to details, referring to an 
accompanying drawing. Drawing 1 is the outline block diagram of 1 operation gestalt of the air-fuel ratio sensor control 
equipment by this invention. The same sign shows the same thing after drawing 1 . The air-fuel ratio sensor 1 which is 
arranged in die flueway of the internal combustion engine which does not illustrate, and detects an engine's exhaust air 
air-fuel ratio consists of an air-fuel ratio sensor element (it is hereafter described as a sensor element) 2, and a heater 4, 
voltage is impressed to the sensor element 2 from the air-fuel ratio sensor circuit (it is hereafter described as a sensor 
circuit) 3, and power is supplied to a heater 2 according to control of the heater control circuit 6 from a battery 5. The 
sensor circuit 3 receives the applied voltage of an analog from the Air Fuel Ratio Control unit (A/FCU) 10 which 
consists of a microcomputer through a low pass filter (LPF) 7, and impresses it to the sensor element 2. 
[0020] After A/FCU 10 changes into rectangle-like analog voltage the digital data which computed some electronic 
control units (ECU) 100 according to nothing and the below-mentioned processing with the sensor circuit 3, the heater 
control circuit 6, and LPF7 with the D/A converter in which it was prepared inside, it is outputted to the sensor circuit 3 
through LPF7. LPF7 has prevented the detection error of the output current of the sensor element 2 anneal, output a 
signal and according to a RF noise when the high frequency component of a rectangle-like analog voltage signal was 
removed. The applied voltage to the current which flows this sensor element 2 from which A/FCU 10 changes in 
proportion to the oxygen density in detected gas, i.e., exhaust gas, with the impression to the sensor element 2 of the 
voltage of a signal, and the sensor element 2 at that time is detected by annealing. A/FCU 10 is used for the processing 
which receives the analog voltage equivalent to the current which flows for the sensor element 2 from the sensor circuit 
3 with each A/D converter formed in the interior, and the applied voltage to the sensor element 2, changes into digital 
data, and mentions these digital data later in order to detect such current and voltage. The air- fuel ratio sensor 1 cannot 
use the output for Air Fuel Ratio Control, unless the sensor element 2 will be in an active state. For this reason, the 
electric power supply of A/FCU10 is carried out to the heater 4 built in the sensor element 2 from the battery 5 at the 
time of engine start up, it energizes a heater 4 and performs early activation of the sensor element 2, and after the sensor 
element 2 is activated, it carries out an electric power supply to a heater 4 so that that active state may be maintained. 
[0021] However, paying attention to resistance of the sensor element 2 being dependent on the temperature of the sensor 
element 2, i.e., taking and decreasing to buildup of sensor element temperature, the resistance equivalent to the 
temperature to which resistance of the sensor element 2 maintains the active state of the sensor element 2, for example, 
the control which maintains the temperature of the sensor element 2 to aim temperature, for example, 700-degreeC, by 
carrying out an electric power supply to a heater 4 so that it may be set to 30 ohms, is performed. Moreover, the Air 
Fuel Ratio Control unit (A/FCU) 10 is used for the processing which receives the voltage of a heater 4, and the analog 
voltage equivalent to current from the heater control circuit 6 which heats the sensor element 2 with the A/D converter 
formed in the interior, changes into digital data, and mentions this digital data later. For example, the resistance of a 
heater 4 is computed, and while performing the electric power supply according to an engine's operational status at a 
heater 4 based on this resistance, temperature control of a heater 4 is performed so that the fault temperature up (OT) of 
a heater 4 may be prevented. 

[0022] CPU, ROM and RAM which were mutually connected by the bidirectional bus which is not illustrated, B(battery 
back-up).RAM, input port, an output port, an A/D converter, and a D/A converter are provided, and the Air Fuel Ratio 
Control unit (A/FCU) 10 controls the air-fuel ratio sensor 1 of this invention mentioned later. Drawing 2 is drawing 
showing the I/O, signal of an air- fuel ratio sensor, (A) is drawing showing the wave of the input voltage impressed to an 
air- fuel ratio sensor, and (B) is drawing showing the wave of the output current detected from an air- fuel ratio sensor. A 
horizontal axis shows time amount and an axis of ordinate shows voltage. As shown in (A) of drawing 2 , regular direct- 
current-voltage 0.3 V are impressed as input voltage Vm impressed to an air-fuel ratio sensor. In order to measure the 
impedance of a sensor element, by activation of a routine mentioned later, the pulse voltage of the 1st frequency of 
**0.2V is overlapped on the above-mentioned direct-current- voltage 0.3V, and is impressed to an air- fuel ratio sensor. 
On the other hand, as shown in (B) of drawing 2 , while the output current Im detected from an air-fuel ratio sensor is 
impressing only direct-current-voltage 0.3V to an air-fuel ratio sensor, the value (limiting current value) according to 
the oxygen density of the occasional measured gas is shown, but if the above-mentioned pulse voltage* *0.2V are 
superimposed on direct-current-voltage 0.3V and impressed to an air-fuel ratio sensor, sensor current will change 
according to element resistance. The impedance of a sensor element is computed by detecting change of the output 
current from the applied voltage and the air-fuel ratio sensor to an air-fuel ratio sensor at this time. It is as the impedance 
characteristic of this air-fuel ratio sensor element being shown in drawing 22 and drawing 23 . 
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[0023] Drawing 3 is drawing showing the voltage-current property of an air-fuel ratio sensor. The applied voltage V to 
an air-fuel ratio sensor is shown on a horizontal axis, and the output current I of an air- fuel ratio sensor is shown on an 
axis of ordinate. Applied voltage V and the output current I are in abbreviation proportionality, and if an air-fuel ratio is 
Lean, if the air-fuel ratio is rich, a current value will change to a positive side to a negative side, so that drawin g 3 may 
show (see the ultimate lines LI shown in drawing 3 with a dashed line). That is, the limiting current increases, so that an 
air-fuel ratio is on the Lean side, and the limiting current decreases, so that an air-fuel ratio is on a rich side. Moreover, 
when the output current I is OmA, an air-fuel ratio turns into theoretical air fuel ratio (= 14.5). 

[0024] Next, the calculation routine of the impedance of this sensor element is explained below at details. Drawing 4 is 
the first half flow chart of the impedance calculation routine of the sensor element concerning the 1st gestalt of this 
invention, and shows the second half flow chart of the impedance calculation routine of a sensor element to drawin g 5 - 
drawing 10 . In more detail, drawing 5 is the flow chart of the 1st (high) frequency superposition processing in the 
impedance calculation routine of a sensor element, it is the flow chart of an interruption handling routine required in 
order that drawin g 6 and drawing 7 may carry out the 1st frequency superposition processing, draw ing 8 is the flow 
chart of the 2nd (low) frequency superposition processing in the impedance calculation routine of a sensor element, and 
drawing 9 and drawing 10 are the flow charts of an interruption handling routine required in order to carry out the 2nd 
frequency superposition processing. The routine shown in drawing 4 , drawin g 5 , and drawing 8 is performed for every 
predetermined period, for example, msec. 

[0025] First, at step 401, an ignition switch IGSW (not shown) distinguishes [ ON or ] whether it is off, when IGSW is 
ON, it progresses to step 402, and when IGSW is OFF, this routine is ended. At step 402, it distinguishes whether the 
direct current voltage of Vm=0.3V is already impressed to the air-fuel ratio sensor 1, when the distinction result is YES, 
it progresses to step 403, and when the distinction result is NO, it progresses to step 404. At step 404, the direct current 
voltage of 0.3V is impressed to an air-fuel ratio sensor. 

[0026] After reading the current Ims of an air-fuel ratio sensor into the last processing period of that it is the stage when 
4msec(s) have passed at step 403 after impressing the direct current voltage of 0.3V to the air-fuel ratio sensor at step 
404, or this routine, it distinguishes with a counter whether it is the stage when 4msec(s) passed, when either of these 
distinction results is YES, it progresses to step 405, and this routine is ended when both the distinction result is NO. At 
step 405, the current Ims of an air-fuel ratio sensor is read. Current Ims is read every 4msec(s) so that these steps may 
show. 

[0027] At step 406, deterioration amendment processing of the air-fuel ratio sensor mentioned later is performed, at step 
407, failure judging processing of the air-fuel ratio sensor mentioned later is performed, and activity judging processing 
of the air-fuel ratio sensor mentioned later is performed in step 408. Next, the flow chart of the 1st frequency 
superposition processing of the impedance calculation routine of a sensor element is explained, referring to drawin g 5 - 
drawing 7 mutually. The example using 5kHz as the 1st frequency explains. First, at step 501, YES, i.e., this time, a 
processing period distinguishes with a counter whether it is the stage which carried out kx64msec (k is odd number 1,3, 
and 5 and --) progress from this routine initiation this time, and it progresses to step 502 at the time, and from this 
routine initiation, a processing period progresses [ these distinction results ] to step 801 (refer to drawin g 8 ), when [ of 
64msec(s), 192msec 320msec and - ] the distinction result is NO. At step 502, the pulse voltage of -0.2V is 
superimposed on the applied voltage Vm (=0.3V) to an air-fuel ratio sensor. Therefore, the applied voltage Vml to the 
air-fuel ratio sensor at this time is set to 0.1 V. Moreover, at step 502, the 1st timer interruption shown in drawing 6 is 
started. 

[0028] Here, the 1st timer-interruption processing of drawing 6 is explained. At step 601, it distinguishes whether 85 
microseconds passed after starting of the 1st timer interruption of the above, when the distinction result is YES, it 
progresses to step 602, and the output current Iml of an air-fuel ratio sensor is returned to step 601, when read in and its 
distinction result are NO(s). At step 603, it distinguishes whether 100 microseconds passed after starting of the 1st timer 
interruption of the above, when the distinction result is YES, it progresses to step 604 and the voltage of Vm2=0.5V is 
impressed to an air-fuel ratio sensor, and when the distinction result is NO, it returns to step 601. Moreover, at step 604, 
the 2nd timer interruption shown in drawing 7 is started. 

[0029] Here, the 2nd timer-interruption processing of drawing 7 is explained. At step 701, it progresses to step 702, 
when the distinction result is YES, it distinguishes whether 100 microseconds passed after starting of the 2nd timer 
interruption of the above, the voltage of Vm=0.3V is impressed to an air-fuel ratio sensor, and it returns to the usual air- 
fuel ratio detection condition, and when the distinction result is NO, it returns to step 701. 
[0030] Again, it returns to drawin g 5 . At step 503, a processing period distinguishes whether it is the stage which 
carried out msec (k is odd number 1,3, and 5 and --) progress (kx64+4) from this routine initiation this time, when the 
distinction result is YES, it progresses to step 504, and when the distinction result is NO, this routine is ended. At step 
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504, it is the 1st (RF) impedance Zacl at the time of the 1st frequency voltage impression. It calculates from a degree 

type. 

[0031] 

Zacl =delta Vm/delta Im=0.2/(Iml-Ims) 

At step 505, it is Zacl. Guard processing 1, i.e., Zac, Processing set to KREL1 <=Zacl <=KREH1 stored between the 
minimum guard value KREL1 and the maximum guard value KREH1 is performed. Specifically, it is Zacl . When it is 
KREL1 <=Zacl <=KREH1, it supposes that it remains as it is, and it is made into Zacl =KREL 1= 1 (omega) at the 
time of Zacl <KREL1, and is KREHKZacl. Processing set to Zacl =KREH 1= 200 (omega) is performed at the time. 
In addition, since the data based on disturbance, an A/D-conversion error, etc. is usually disregarded, guard processing 
is performed. 

[0032] Next, the flow chart of the 2nd frequency superposition processing of the impedance calculation routine of a 
sensor element is explained, referring to drawing 8 - drawing 10 mutually. The example using 500Hz as the 2nd 
frequency explains. Step 801 is performed when judged with NO at step 501 in the flow chart of drawing 5 . At step 
801, it distinguishes with a counter whether it is the stage when kx64msec (k is even number 2, 4, and 6 and -) passed 
from this routine initiation, when these distinction results are YES, i.e., 128msec(s), 256msec, 384msec, and --, it 
progresses to step 802, and when the distinction result is NO, this routine is ended. At step 802, the pulse voltage of - 
0.2V is superimposed on the applied voltage Vm (=0.3 V) to an air-fuel ratio sensor. Therefore, the applied voltage Vml 
to the air-fiiel ratio sensor at this time is set to 0.1 V. Moreover, the 3rd timer interruption is started at step 802. 
[0033] Here, the 3rd timer-interruption processing of drawing 9 is explained. At step 901, it distinguishes whether 

0. 95msec after starting of the 3rd timer interruption of the above passed, when the distinction result is YES, it 
progresses to step 902, and the output current Im2 of an air-fuel ratio sensor is returned to step 901, when read in and its 
distinction result are NO(s). At step 903, it distinguishes whether 1msec after starting of the 3rd timer interruption of the 
above passed, when the distinction result is YES, it progresses to step 904 and the voltage of Vm2=0.5V is impressed to 
an air-fuel ratio sensor, and when the distinction result is NO, it returns to step 901. Moreover, at step 904, the 4th timer 
interruption shown in drawin g 10 is started. 

[0034] Here, the 4th timer-interruption processing of drawing 10 is explained. At step 1001, it progresses to step 1002, 
when the distinction result is YES, it distinguishes whether 1msec after starting of the 4th timer interruption of the 
above passed, the voltage of Vm=0.3V is impressed to an air-fuel ratio sensor, and it returns to the usual air-fuel ratio 
detection condition, and when the distinction result is NO, it returns to step 1001 . 

[0035] Again, it returns to drawin g 8 . At step 803, a processing period distinguishes whether it is the stage which 
carried out msec (k is even number 2, 4, and 6 and --) progress (kx64+4) from this routine initiation this time, when the 
distinction result is YES, it progresses to step 804, and when the distinction result is NO, this routine is ended. At step 
804, it is the 2nd (low frequency) impedance Zac2 at the time of the 2nd frequency voltage impression. It calculates 
from a degree type. 
[0036] 

Zac2 =delta Vm/delta Im=0.2/(Im2-Ims) 

At step 805, it is Zac2. Guard processing 2, i.e., Zac, Processing set to KREL2 <=Zac2 <=KREH2 stored between the 
minimum guard value KREL2 and the maximum guard value KREH2 is performed. Specifically, it is Zac2. When it is 
KREL2 <=Zac2 <=KREH2, it supposes that it remains as it is, and it is made into Zac2 =KREL 2= 1 (omega) at the 
time of Zac2 <KREL2, and is KREH2<Zac2. Processing set to Zac2 =KREH 2= 200 (omega) is performed at the time. 
[0037] Next, deterioration amendment processing of the air-fuel ratio sensor by step 406 in the flow chart of drawing 4 
mentioned above is explained below. Drawing 1 1 is the flow chart of the deterioration amendment routine of an air-fuel 
ratio sensor. This routine is performed every predetermined period, for example, 4msec(s). First, at step 1 101, it judges 
whether deterioration amendment conditions were satisfied by whether all of the following conditions of 1-5 were filled, 
when the judgment result is YES, it progresses to step 1 102, and when the judgment result is NO, this routine is ended. 
[0038] 

1. Engine's Rotational Frequency NE<=1000RPM2. Vehicle Speed VS - under <=3 Km/h3. Idle Switch-on 4. Feed- 
Back-Control-of-Air-fuel-Ratio Activation ~ it is - Air-fuel Ratio A/F - near [ 14.5 ] 5. Engine's Cooling Water 
Temperature THW>=85-DegreeC (Engine Standby) 

At step 1 102, it is the 1st impedance Zacl . The 2nd impedance Zac2 A difference Zac3 (=Zac2-Zacl) is searched for as 
a parameter which shows property, change of a sensor element, especially secular change. The following and this 
parameter Zac3 It will be called a sensor element property parameter. (A) of drawing 12 is drawing showing relation 
with all element resistance Rs (=R1+R2+R3) and Zac3 (**R3) of an air-fuel ratio sensor, and (B) of drawing 12 is the 
element temperature of an air-fiiel ratio sensor, and Zac3. It is drawing showing relation. Both a new article and a 
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deterioration article with the passage of time are Rs and Zac3 so that (A) of drawing 12 may show. It has the correlation 
of abbreviation identitas in between. This is the resistance component R3 3 of the inside of all element resistance Rs of 
an air-fuel ratio sensor, and the electrode interface section, i.e., Zac. There are many rates and it is because the 
resistance component of the electrode interface section reflects the property of a sensor element. Moreover, both a new 
article and a deterioration article with the passage of time are ****** and Zac3 so that (B) of drawing 12 may show. It 
has the correlation of abbreviation identitas in between, the electrode interfacial resistance R3 3 from this, i.e., Zac, 
from ~ it turns out that the element temperature of an air-fuel ratio sensor can be presumed. 
[0039] Failure judging processing of the air-fuel ratio sensor by step 407 in the flow chart of drawing 4 mentioned 
above is attained as follows by activation of steps 1 103-1 109. Lower limit Zactgmax in which sensor element ****** 
desired value included property dispersion of a sensor element at step 1 103 It judges whether it is the following, when 
the judgment result is YES, it judges with amendment of element ****** desired value being possible, and progresses 
to step 1 104, and when the judgment result is NO, it progresses to step 1 105. step 1 104 - Zac3 from - it computes from 
the map which shows the amount Zactggk of amendments of the element ****** desired value Zactg to drawing 13 . 
This map is beforehand stored in ROM. This element ****** desired value Zactg means the impedance of an element 
when the element temperature of an air- fuel ratio sensor turns into aim temperature. Subsequently, at step 1 106, the 
element ****** desired value Zactg (this time value) is computed as the average from a bottom type. 
Zactgt =Zactg(i-l)+(last value) ZactggkZactg (i) = (this time value) (Zactg(i-l) x(last value)31+Zactgt) in heater control 
of the /32 air-fuel-ratio sensor 1, Zactg (this time value) computed in this way is set as the element ****** desired value 
of a sensor element impedance, and sensor element temperature is controlled so that a sensor element impedance serves 
as Zactg (this time value). 

[0040] As the map of drawing 13 shows, this element ****** desired value Zactg is the property parameter Zac3 of a 
sensor element. If it becomes below a predetermined value, it will judge with ****** having risen, and Zactg is 
increased, and it is Zac3 to reverse. If it becomes beyond a predetermined value, it will judge with ****** having fallen 
and Zactg will be decreased. Namely, Zac3 Feedback control of the element ****** desired value Zactg is carried out 
so that it may become a predetermined value. Therefore, it is controlled by temperature which does not change ****** 
after a sensor deteriorates to the time of a new article, either. Consequently, the acceleration of deterioration of a sensor 
element and the formation of a short life by the element temperature rise after sensor deterioration can be prevented. 
[0041] Moreover, at step 1 107, the element ****** desired value Zactg is Zactgb to Backup RAM. It is made to 
memorize by carrying out. It is Zactgb at the initial routine at the time of next engine start up. It is incorporated by Zactg 
and ****** is controlled to become near aim temperature also at the time of next engine start up. Next, at step 1 108, it 
is the 1st impedance Zacl. Air-fuel ratio A/F is computed from a two-dimensional map ( drawing 14 ) with the output 
current Ims of an air-fuel ratio sensor. The map of d raw ing 14 to the 1st impedance Zacl When Ims is negative, 
theoretical air fuel ratio shows going to theoretical air fuel ratio from the Lean air-fuel ratio side toward a rich air-fuel 
ratio side, when Ims is positive, so that it becomes smallness. Moreover, when Ims is 0, it turns out that theoretical air 
fuel ratio 14.5 is shown irrespective of the 1st impedance Zacl. On the other hand, as step 1 105 shows to (B) of drawing 
12 , it is the sensor element property parameter Zac3. It distinguishes whether it is below the failure decision value 
KFZAC of an air-fuel ratio sensor (Zac3 <=KFZAC). When the distinction result is YES, it judges that an air-fiiel ratio 
sensor is normal, and this routine is ended, when the distinction result is NO, it judges that the air-fuel ratio sensor is out 
of order, and progresses to step 1 109, and air-fuel ratio sensor failure flag XFAFS is stood at step 1 109. In addition, the 
failure decision value KFZAC shown in (B) of drawing 12 is set as the value which judges that the property of a sensor 
element changes and ****** rose too much. Next, the reason using the map shown in drawing 14 is explained below. 
[0042] As mentioned above, the element ****** desired value Zactg is computed from the difference Zac3 of the 
element impedance to two frequency (=Zac2-Zacl), and heating control of a sensor element is performed so that the 
impedance Zac of an element may be set to Zactg. Then, after element deterioration is higher than 30 ohms at the time 
of a new article, for example, is set up with 40ohm and 50ohm, and, as for the element ****** desired value Zactg, the 
element impedance Zac after deterioration is also stabilized in 40ohm and 50ohm. At this time, an air- fuel ratio sensor 
cannot ask accuracy for an air-fuel ratio by having computed air-fuel ratio A/F from the map to element current in case 
the element impedance at the time of a new article is 30ohms. So, this invention prepares a map as shown in drawing 
14 , and computes an air- fuel ratio with a sufficient precision according to the element impedance Zac after 
deterioration, i.e., 40ohm and 50ohm. 

[0043] Moreover, one high frequency which can detect an element impedance to accuracy as other operation gestalten 
of this invention, without using two frequency, for example, the frequency chosen from l-10kHz, is impressed to an 
element, and it is the element impedance Zacl . It computes and is Zacl . An air-fuel ratio may be computed from the 
map which it responds and is shown in drawing 14 . When it is considered by this that the element carried out activity 
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with the impedance higher than the time of a new article by deterioration, according to this impedance that became high, 
an air-fuel ratio can be computed from the map of drawing 14 . That is, the time amount which is activated with an 
impedance higher than the time of a new article, without waiting to become the low impedance regarded as the air-fuel 
ratio sensor having resulted in the active state at the time of a new article, and activation takes becomes brief. 
Consequently, Air Fuel Ratio Control can be started at an early stage, and the exhaust air emission at the time of engine 
start up improves. 

[0044] Next, activity judging processing of the air-fuel ratio sensor by step 408 in the flow chart of drawin g 4 
mentioned above is explained below. Drawing 1 5 is the flow chart of the manipulation routine after the failure judging 
of an air-fuel ratio sensor. This routine is performed for every predetermined period, for example, msec. At step 1501, it 
distinguishes whether air- fuel ratio sensor failure flag XFAFS was stood, and at the time of XFAFS=1, since the air-fUel 
ratio sensor was judged to be failure, it progresses to step 1502. In step 1502, since exhaust air emission will get worse 
if feed back control of air-fuel ratio is continued, feed back control of air-fuel ratio is suspended, in order to prevent the 
fault temperature up of a heater at step 1 503, energization of a heater is stopped, and a warning lamp (not shown) is 
turned on at step 1504. On the other hand, at step 1501, at the time of XFAFS=0, since it was judged with the air- fuel 
ratio sensor not being out of order, this routine is ended. 

[0045] Drawing 16 is the flow chart of the activity judging routine of an air-fuel ratio sensor. This routine is performed 
for every predetermined period, for example, msec. First, at step 1601, it distinguishes whether air-fuel ratio sensor 
failure flag XFAFS was stood, progresses to step 1602 at the time of XFAFS=1 judged that is [ an element ] unusual, 
and progresses to step 1603 at the time of XFAFS=0 judged that is not [ an element ] unusual. At step 1602, the air-foel 
ratio activity flag XAFSACT is cleared. At step 1603, it is the element ****** desired value Zactg after deterioration 
amendment to the activity decision value Zacact. It computes from the map shown in drawing 1 7 . It is the activity 
decision value Zacact that the activity judging of an element should be somewhat carried out at a low temperature from 
aim temperature in order to give additional coverage to element ****** desired value, as shown in drawing 17 . Some 
are greatly set up from the element ****** desired value Zactg. 

[0046] At step 1604, it is the 1st impedance Zacl. Zacact It judges whether it is small, and when the judgment result is 
YES, it considers that an air- fuel ratio sensor is an active state, and progresses to step 1605, and when the judgment 
result is NO, an air-fuel ratio sensor considers that it is a non-active state, and progresses to step 1602. At step 1605, the 
air-fuel ratio activity flag XAFSACT is set. 

[0047] The element ****** desired value Zactg is computed from the difference Zac3 of an element impedance [ as 
opposed to / as mentioned above / two frequency in the above-mentioned activity judging ] (=Zac2-Zacl), and it is the 
activity decision value Zacact from Zactg. It computes and is the 1st impedance Zacl Zacl, i.e., the element impedance 
of high frequency, about this. It is judging by comparing. Drawing 18 is the flow chart of a heater control routine. This 
routine is performed every predetermined period, for example, 128msec(s). This routine is the impedance Zacl of the 
air-fuel ratio sensor 1 to high frequency. Based on the deflection Zacerr with the element ****** desired value Zactg (= 
Zactg-Zacl), PID control of the duty ratio of the energization to a heater 4 is performed. First, at step 1801, Proportional 
KP is computed from a degree type. 
[0048] KP=Zacerr xKl (Kl : constant) 

At step 1802, the integral term Kl is computed from a degree type. 
KI=sigma Zacerr xK2 (K2 : constant) 

At step 1 803, the differential term KD is computed from a degree type. 

KD=(deltaZacerr/deltat) xK3 (K3 : constant) 

At step 1 804, the PID gain KPID is computed from a degree type. 

[0049] At the KPID=KP+KI+KD step 1805, an output duty ratio is computed from a degree type. 
DUTY (i) = at the DUTY (i-1) xKPID step 1806, it is output duty ratio DUTY (i). Guard processing is performed and it 
is DUTY (i). KDUTYL<=DUTY between a lower limit KDUTYL and upper limits KDUTYH (i) Processing stored in 
<=KDUTYH is performed. Specifically, it is KDUTYL<=DUTY (i). It supposes that it remains as it is at the time of 
<=KDUTYH, and it is DUTY (i). It is DUTY (i) at the time of <KDUTYL. It is referred to as =KDUTYL and is DUTY 
(i) at the time of KDUTYH<DUTY (i). Processing set to =KDUTYH is performed. 

[0050] Moreover, in order that this invention may prevent the fault temperature up (Over Temperature) of a heater 4 and 
the sensor element 2 in the heater control shown in drawing 18 , Air-fuel ratio impedance Zacl to high frequency From 
the element ****** desired value Zactg after deterioration amendment, predetermined value, For example, it 
distinguishes whether it exceeds 5 ohms (Zacl <=Zactg-5 (omega)). When the distinction result is YES, normality 4, 
i.e., a heater, and the sensor element 2 perform the heater control routine which judged to be what is not fault 
temperature up, and was shown with the flow chart of drawing 18 . It judges with abnormalities 4, i.e., a heater, and the 
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sensor element 2 being fault temperature up, when the distinction result is NO, and is DUTY (i). = processing set as 0 is 
performed. Here, the element ****** desired value Zactg is computed from the difference Zac3 of the element 
impedance to two frequency (=Zac2-Zacl). 

[0051] With the gestalt of operation of this invention explained above, although 5kHz was used for the 1st frequency 
and 500Hz was used for the 2nd frequency, this invention is not limited to this. In consideration of the property of 
materials, such as an electrolyte of an air-fuel ratio sensor, and an electrode, and a sensor circuit, applied voltage, 
service temperature, etc., these frequency can be chosen suitably. In addition, the frequency which can detect the 
alternating current impedance of Rl (electrolytic bulk resistor)+R2 (electrolytic grain boundary resistance) in drawing 21 
as the 1st frequency, for example, the range of 1kHz - about 10kHz, is usable. Moreover, as the 2nd frequency, to be 
low frequency from the 1 st frequency, and what is necessary is just the frequency which can moreover detect the 
impedance to R1+R2+R3 (electrode interfacial resistance). 

[0052] Moreover, although the gestalt of above-mentioned operation showed the example which uses only two 
frequency, two or more alternating voltage of 3 or more frequency may be impressed, and an impedance may be 
detected from two or more sensor output voltage values and current values which were detected. Of course, you may be 
the method of choosing two [ optimal ] out of two or more impedances, or the method of computing an impedance from 
statistical technique, for example, the average, based on two or more impedances. 

[0053] Next, other operation gestalten of the 1st (high frequency) and this invention which switches the filter constant of 
LPF by the 2nd (low frequency) are explained below at details. Drawing 24 is the block block diagram of other 
operation gestalten of the air-fiiel ratio sensor control equipment by this invention shown in drawing 1 . According to 
the point of having formed LPF 17 which can replace with LPF7 of drawing 1 the air-fuel ratio sensor control equipment 
shown in drawing 24 as compared with the air-fiiel ratio sensor control equipment shown in drawing 1 , and can switch 
a filter constant, and the change of the filter constant, it mainly differs from the voltage of the sensor element 2, and 
current in that the microcomputer 1 1 which performs processing described in the following for detecting an impedance 
to high degree of accuracy was formed. Moreover, although shown as what formed the D/A converter and A/D 
converter the object for the sensor circuits 3, and for heater control circuit 6 in the interior, in the Air Fuel Ratio Control 
unit (A/FCU) 20 of drawi ng 24 , the Air Fuel Ratio Control unit (A/FCU) 10 of drawing 1 divides A/FCU10 of drawin g 
1 into a microcomputer 11, D/A converter 12, and A/D converters 13-16, and is shown. 

[0054] Drawing 25 is explanatory drawing of the Air Fuel Ratio Control unit 20 in drawing 24 . Hereafter, it explains, 
referring to drawin g 24 and drawing 25 mutually. The Air Fuel Ratio Control unit 20 has a microcomputer 1 1 , D/A 
converter 12, and A/D converters 13-16. A microcomputer 1 1 controls the air-fuel ratio sensor of this invention which 
possesses and mentions later CPU22, ROM23, RAM24, B.(battery back-up) RAM25, the input port 26, and the output 
port 27 which were mutually connected by the bidirectional bus 21. D/A converter 12 changes into analog voltage the 
digital data which connected with the output port 27 and was calculated by CPU22. It connects with input port 26, 
respectively, and A/D converters 13 and 14 change into digital data the analog voltage impressed to the sensor circuit 3, 
and the analog voltage proportional to the current detected by the A/F sensor current detector in the sensor circuit 3, 
respectively. Similarly, A/D converters 15 and 16 change the voltage of a heater 4, and current into digital data through 
the heater control circuit 6. CPU22 reads these digital data as the voltage value of the sensor element 2, a current value 
and the voltage value of a heater 4, and a current value. Moreover, the signal which switches the filter constant of 
LPF 17 to LPF 17 from an output port 27 is outputted, and the DUTY signal which controls the power supply to a heater 
4 is outputted to the heater control circuit 6 from an output port 27. 

[0055] Drawing 26 is explanatory drawing of LPF 17 in drawing 24 . The command which changes the applied voltage 
from the microcomputer 1 1 in A/FCU20 to the sensor circuit 3 is outputted to D/A converter 12, and a rectangle-like 
pulse is outputted from D/A converter 12. In response, LPF 17 removed and anneals a high frequency component, 
outputs the voltage of a signal, and impresses it to the sensor circuit 3. LPF 17 consists of resistance 31 and 32, 
capacitors 33, 34, and 35, an operational amplifier (op amplifier) 36, and a field-effect transistor (FET) 37. The signal 
which sets to ON from a microcomputer 1 1 at FET37 at the time of low frequency, and is made off at the time of a RF is 
sent, and it is switched so that the filter constant of LPF 17 may serve as time constant smallness at the time of the 1st 
(high frequency) alternating- voltage impression and may serve as time constant smallness by this at the time of the 2nd 
(low frequency) alternating- voltage impression. 

[0056] Drawing 27 is explanatory drawing of the air-fuel ratio sensor circuit 3 in drawing 24 . The sensor circuit 3 is 
divided roughly and consists of the reference voltage circuit 41, the 1st voltage supply circuit 42, the 2nd voltage supply 
circuit 43, and a current detector 44. The reference voltage circuit 41 makes reference voltage the voltage Va which 
pressured the constant voltage VDC partially by resistance 45 and 46, 0.6V [ for example, ]. It is constituted as a voltage 
follower and the 1st voltage supply circuit 42 is reference voltage Va to one terminal 47 of the A/F sensor 1. It supplies. 
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It connects with LPF 17, and the 2nd voltage supply circuit 43 is constituted as a voltage follower like the 1st, and 
supplies the output voltage Vc (03**0.2 (V)) of LPF17 to another terminal 48 of the A/F sensor 1. Output voltage Vc of 
LPF 17 Although it is usually 0.3 (V), in case the element impedance of the A/F sensor 1 is measured with a 
microcomputer 11, 0.3 V will be overlapped on **0.2 (V), it will be outputted to them, and, so, the voltage of 0.1-0.5 
(V) will be impressed to the A/F sensor 1. The current detector 44 consists of resistance 49, and the current which flows 
in the A/F sensor 1 is detected by reading the ends voltage (|Vb-Va |) of resistance 49 through A/D converter 13. Next, 
the impedance calculation routine of the sensor element by the air-fuel ratio sensor control equipment concerning the 
2nd gestalt of this invention shown in drawing 24 is explained below at details. 

[0057] Drawing 28 is the first half flow chart of the impedance calculation routine of the sensor element concerning the 
2nd gestalt of this invention, and drawin g 29 - drawing 34 are the second half flow charts of this routine. In more detail, 
drawing 29 is the flow chart of the 1st frequency superposition processing in the impedance calculation routine of a 
sensor element, it is the flow chart of an interruption handling routine required in order that drawing 30 and drawing 31 
may carry out the 1st frequency superposition processing, drawing 32 is the flow chart of the 2nd frequency 
superposition processing in the impedance calculation routine of a sensor element, and drawing 33 and drawing 34 are 
the flow charts of an interruption handling routine required in order to carry out the 2nd frequency superposition 
processing, the routine shown in drawi ng 28 , drawing 29 , and dr awing 32 ~ predetermined period, for example, 

1 OOmicrosec, every ~ it performs. 

[0058] Drawing 35 is a timing diagram explaining the impedance calculation routine of the sensor element concerning 
the 2nd gestalt of this invention. A horizontal axis shows time amount. An upper case shows the applied voltage to the 
sensor element 2, and the lower berth shows the on-off condition of the LPF change over signal which switches setting 
out of the filter constant of LPF17. Current change which flows for the sensor element 2 is the same as that of the 
above-mentioned applied- voltage change and abbreviation. Calculation of the impedance of the sensor element 2 
concerning the 2nd gestalt of this invention shown in the timing diagram of drawing 35 is performed as follows. 
Usually, the direct current voltage of 0.3 V is impressed to inter-electrode [ of the sensor element 2 ], and it is the 1st 
frequency (high frequency), for example, 2.5kHz, every 128ms. Whenever it impresses a RF pulse to the sensor element 

2 and 64ms passes after impression of a RF pulse, it is the 1st frequency (low frequency), for example, 500Hz. A low 
frequency pulse is impressed to the sensor element 2. After RF pulse impression, for example, 85-microsecond progress, 
the 1st (RF) impedance Zacl detects the current Iml which flows the sensor element 2, and computes it by the degree 
type from increment deltaVm (0.3-0. 1=0.2(V)) of sensor element applied voltage, and increment deltalm (Iml-Ims) of 
current. 

Zacl =delta Vm/delta Im=0.2/(Iml-Ims) 

Here, Ims is the limiting current of the sensor element detected every 4ms. 

[0059] The 2nd (low frequency) impedance Zac2 After low frequency pulse impression, for example, 0.95ms progress, 
the current Im2 which flows the sensor element 2 is detected, and it computes by the degree type from increment 
deltaVm (0.3-0. 1=0.2(V)) of sensor element applied voltage, and increment deltalm (Im2-Ims) of current. 
Zac2 =delta Vm/delta Im=0.2/(Im2-Ims) 

On-off timing of an LPF change over signal is set to ON after RF pulse impression, for example, 500-microsecond 
progress, and after a low frequency pulse is impressed after after [ RF pulse impression ] 64ms progress, it is supposed 
after 3ms progress that it is off, and let a filter constant be size at the impression time zone of a low frequency pulse 
including 2ms of period and 1ms of its convergence time amount of a low frequency pulse. The impedance calculation 
routine of a sensor element according to an above-mentioned timing diagram is explained below at details using 
drawin g 28 - drawin g 34 . 

[0060] As compared with the flow chart which shows the flow chart shown in drawin g 28 to drawing 4 , since it 
corresponds to steps 2801, 2802, 2806, and 2804 of drawing 28 , and 2807-2810 substantially, respectively and the 
processing is performed, steps 401, 402, 403, and 404 of drawing 4 , and 405-408 omit explanation, and they explain 
below only steps 2803 and 2805 added to the flow chart of drawing 4 . At step 2803, it is Vm. It distinguishes whether 
500 microseconds passed from impression, when the distinction result is YES, it progresses to step 2805, and when the 
distinction result is NO, it progresses to step 2806. At step 2805, the change signal which increases a filter constant is 
outputted to LPF 1 7 from a microcomputer 11. 

[0061] The flow chart shown in drawing 29 and drawing 30 is related with the processing for maintaining in the 
dynamic range which shows the output of the A/F sensor 1 to drawing 3 . This processing enables it to detect the 
limiting current of the sensor element 2 continuously by maintaining the output of the A/F sensor 1 in a dynamic range. 
For this reason, from the negative side (step 2905), when A/F is Lean, A/F is impressing the voltage impressed to the 
sensor element 2 according to an engine's exhaust air air-fuel ratio from a positive side (step 2904) to a positive side 
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(step 3007) at the negative side (step 3006), SUTOIKI or when rich. Next, the flow chart of drawing 29 and drawing 30 
is explained separately. 

[0062] As compared with the flow chart which shows the flow chart shown in drawing 29 to drawin g 5 , since it 
corresponds to step 2901 of drawin g 29 , and 2906-2908 substantially, respectively and the same processing is 
performed, step 501 of drawing 5 , and 503-505 omit explanation, and they explain only steps 2902-2904 added to the 
flow chart of drawing 5 , and changed step 2905 below. At step 2902, when an air-fuel ratio (A/F) distinguishes Lean or 
no (SUTOIKI or Rich) from the output of the air-fuel ratio sensor 1 and A/F is distinguished from Lean, it progresses to 
step 2903, and the Lean judging flag LFLG is set to 1 at step 2903, and it progresses to step 2905. At step 2902, A/F 
progresses to step 2904, SUTOIKI or when it is distinguished that it is rich, and Vml' =0.5 V are impressed to the air- 
fuel ratio sensor 1 at step 2904. At step 2905, Vm 1=0.1 V are impressed to the air-fuel ratio sensor 1. 
[0063] As compared with the flow chart which shows the flow chart shown in drawing 30 to drawing 6 , drawing 6 
reaches step 601-603, and since drawing 30 reaches step 3001-3003, respectively, it corresponds to 3007 substantially 
and the same processing is performed, 604 omits explanation, and it explains below only steps 3004-3006 added to the 
flow chart of drawing 6 . At step 3004, when it distinguishes whether the Lean judging flag LFLG was set at step 2903 
of drawing 29 and distinguished from LFLG=1, it progresses to step 3005, and the Lean judging flag LFLG is reset to 0 
at step 3005, and it progresses to step 3007. When distinguished from LFLG=0 at step 3004, it progresses to step 3006, 
and Vm2' =0.1V are impressed to the air-fuel ratio sensor 1 at step 3006. At step 3007, Vm2=0.5V are impressed to the 
air-fuel ratio sensor 1 . 

[0064] The flow charts shown in drawin g 3 1 are the flow chart shown in d rawin g 7 , and abbreviation identitas, and 
since it corresponds to steps 3101 and 3102 of drawing 31 , respectively and the same processing is performed, steps 
701 and 702 of drawing 7 omit explanation. The flow chart shown in drawing 32 and drawing 33 is related with the 
processing for maintaining in the dynamic range which shows the output of the A/F sensor 1 to drawing 3 . This 
processing enables it to detect the limiting current of the sensor element 2 continuously by maintaining the output of the 
air-fuel ratio sensor 1 in a dynamic range. For this reason, from the negative side (step 3205), when A/F is Lean, A/F is 
impressing the voltage impressed to the air-fiiel ratio sensor 1 according to an engine's exhaust air air-fuel ratio from a 
positive side (step 3204) to a positive side (step 3307) at the negative side (step 3306), SUTOIKI or when rich. Next, the 
flow chart of drawing 32 and drawing 33 is explained separately. 

[0065] As compared with the flow chart which shows the flow chart shown in drawing 32 to drawing 8 , since it 
corresponds to steps 3201, 3205, 3208, and 3209 of drawin g 32 substantially, respectively and the same processing is 
performed, steps 801, 802, 804, and 805 of drawin g 8 omit explanation, and they explain it only about steps 3202-3204 
added to the flow chart of drawing 8 , and 3206 and 3207 below. At step 3202, when an air-fuel ratio (A/F) 
distinguishes Lean or no (SUTOIKI or Rich) from the output of the air- fuel ratio sensor 1 and A/F is distinguished from 
Lean, it progresses to step 3203, and the Lean judging flag LFLG is set to 1 at step 3203, and it progresses to step 3205. 
At step 3202, A/F progresses to step 3204, SUTOIKI or when it is distinguished that it is rich, and Vml ? =0.5 V are 
impressed to the air-fiiel ratio sensor 1 at step 3204. At step 3205, Vm 1=0.1 V are impressed to the air- fuel ratio sensor 
1 . At step 3206, a processing period distinguishes whether it is the stage which carried out msec (k is even number 2, 4, 
and 6 and --) progress (kx64+4) from this routine initiation this time, when the distinction result is YES, it progresses to 
step 3207, and when the distinction result is NO, this routine is ended. 3msec(s) shown in drawing 35 show the time 
amount which added pulse convergence time amount 1msec to 2msec(s) of a low frequency pulse period, and are briefer 
than the read period of the current Ims of an air-fuel ratio sensor, and 4msec. At step 3207, the LPF change signal 
switched at step 2805 of drawing 28 with the microcomputer 1 1 is turned OFF, and the change signal which returns a 
filter constant to LPF 17 for RF impedance detection is outputted. 

[0066] As compared with the flow chart which shows the flow chart shown in drawing 33 to drawin g 9 , drawing 9 
reaches step 901-903, and since drawing 33 reaches step 3301-3303, respectively, it corresponds to 3307 substantially 
and the same processing is performed, 904 omits explanation, and it explains below only steps 3304-3306 added to the 
flow chart of drawing 9 . At step 3304, when it distinguishes whether the Lean judging flag LFLG was set at step 3203 
of drawin g 32 and distinguished from LFLG=1, it progresses to step 3305, and the Lean judging flag LFLG is reset to 0 
at step 3305, and it progresses to step 3307. When distinguished from LFLG=0 at step 3304, it progresses to step 3306, 
and Vm2 f =0.1 V are impressed to the air-fuel ratio sensor 1 at step 3306. At step 3307, Vm2=0.5V are impressed to the 
air-fuel ratio sensor 1 . 

[0067] The flow charts shown in drawing 34 are the flow chart shown in drawing 10 , and abbreviation identitas, and 
since it corresponds to steps 3401 and 3402 of drawing 34 , respectively and the same processing is performed, steps 
1001 and 1002 of drawing 10 omit explanation. In the gestalt of the operation explained above, although it is for 
equalizing the load balance of CPU, immediately after impressing a RF pulse, having impressed the low frequency pulse 
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in the medium which impresses a RF pulse every 128ms may impress a low frequency pulse for example, after 4ms 
progress, and it may detect a low frequency impedance as a gestalt of other operations. Moreover, it may be made to 
perform detection processing of the 2nd (low frequency) impedance once to ten 1st (RF) impedance detection 
processings. Furthermore, only when it is in the condition by which the ambient atmosphere of the air-fuel ratio sensor 1 
was stabilized when an engine was in an idling condition, it may be made to perform detection processing of a low 
frequency impedance. 

[0068] With the gestalt of the operation explained above, air-fuel ratio detection from the air-fuel ratio sensor 1 is made 
impossible for 4ms from the low frequency pulse impression which detects a low frequency impedance. This is 
understood from carrying out every 4ms, as step 2806 shows the read in of the limiting current Ims of the sensor 
element 2 by step 2807 of drawing 28 . However, it is confirmed experimentally that the output stabilized, so that 
measurement of a low frequency impedance impressed the low frequency pulse near a direct current is obtained. So, it is 
desirable to change into 25Hz the frequency of 500Hz of the low frequency pulse used with the above-mentioned 
operation gestalt. However, convergence time amount also becomes long with 8ms with the electrostatic capacity of the 
electrode interface of the sensor element 2 in this case at everything but 20ms of periods, and the output of an air-fuel 
ratio sensor is used between a total of 28ms for low frequency impedance detection, therefore it must make during this 
period into air-fuel ratio detection impossible time amount. Since an air-fuel ratio in the meantime holds the value 
detected when a low frequency pulse was impressed and uses it for Air Fuel Ratio Control, it has a possibility that it 
may become inaccurate and an engine's exhaust air emission may get worse. 

[0069] Then, this problem is solved, namely, it explains below using other operation gestalt ****** drawin g 36 of this 
invention concerning the processing which shortens the air-fuel ratio detection impossible time amount of the air-fuel 
ratio sensor in Air Fuel Ratio Control which shortens the detection time of the low frequency impedance of the sensor 
element 2 while impressing a 25Hz low frequency pulse to the sensor element 2, for example and detecting the low 
frequency impedance of the sensor element 2 if it processes and puts in another way near a direct current - drawing 38 
and drawing 39 - drawing 40 . 

[0070] Drawing 36 is drawing showing the output of the sensor element at the time of the low frequency impedance 
measurement by the one-point detecting method, (A) is drawing showing the applied voltage of a sensor element, and 
(B) is drawing showing the current of a sensor element. As shown in drawing 36 , after impressing the low frequency 
pulse by the side of positive [ 25Hz ] to the sensor element 2 through LPF17 at time of day tl, the current of the sensor 
element 2 is detected at the time of day t2 after 1ms progress. The low frequency pulse of a negative side is impressed to 
the sensor element 2 through LPF17 at the time of day t3 after 1.5ms progress from time of day tl, and impression of 
the low frequency pulse of the negative side to LPF17 is canceled of time of day tl at the time of day t4 after 3ms 
progress. The applied voltage to the sensor element 2 is converged in about 1ms after time of day t4. 
[0071] By the way, when the low frequency pulse of a negative side is not impressed to time of day t3 after impressing 
the low frequency pulse by the side of positive [ 25Hz ] to the sensor element 2 through LPF17 at time of day tl, The 
applied voltage of the sensor element 2 is converged on 0.5V which added increment deltaV (0.2V) to applied-voltage 
0.3 V at low frequency pulse width [ by the side of positive ], i.e., time-of-day t, 1 :00 at the time of day tlO which passed 
for 20ms from time of day tl. Low frequency impedance Zac2 Based on the current value and applied- voltage value of 
the sensor element 2 which were measured at time of day t2, it is computed at step 3208 of drawing 32 . According to 
this one-point detecting method, although the time constant of a low frequency impression pulse is size, it can shorten 
the detection time of the low frequency impedance of the sensor element 2 by canceling impression of a low frequency 
pulse by time of day t4. However, the current value of the sensor element 2 becomes unstable to be detected at the time 
of day t2 considerable before from the time of day tlO which a low frequency impression pulse converges, and the 
detection precision of a low frequency impedance serves as imperfection. In order to solve this problem, it turned out 
that the method of computing the current value of the sensor element 2 at the time of convergence of a low frequency 
impression pulse is desirable. This two-point detecting method is explained below. 

[0072] Drawing 37 is drawing showing the output of the sensor element at the time of the low frequency impedance 
measurement by the two-point detecting method, (A) is drawing showing the applied voltage of a sensor element, and 
(B) is drawing showing the current of a sensor element. Drawing 38 is the enlarged view of (B) of drawing 37 . As 
shown in drawing 37 and drawing 38 , from time of day tl, before, every 4ms, the current AFI 1 of the sensor element 2 
is detected at time of day tO, and after impressing the low frequency pulse by the side of positive [ 25Hz ] to the sensor 
element 2 through LPF17 at time of day tl, the current AFI2 and AFI3 of the sensor element 2 is detected, respectively 
at the time of day t2 and t3 after 1ms and 2ms progress. The low frequency pulse of a negative side is impressed to the 
sensor element 2 through LPF17 at the time of day t4 after 2.5ms progress from time of day tl, and the low frequency 
pulse of the negative side to LPF17 is canceled of time of day tl at the time of day t5 after 5ms progress. The applied 
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voltage to the sensor element 2 is converged in about 1ms after time of day t5. 

[0073] By the way, when the low frequency pulse of a negative side is not impressed to time of day t4 after impressing 
the low frequency pulse by the side of positive [ 25Hz ] to the sensor element 2 through LPF17 at time of day tl, The 
applied voltage of the sensor element 2 is converged on 0.5V which added increment deltaV (0.2V) to applied-voltage 
0.3 V at low frequency pulse width [ by the side of positive ], i.e., time-of-day t, 1 :00 at the time of day tlO which passed 
for 20ms from time of day tl . This two-point detecting method can also shorten the detection time of the low frequency 
impedance of the sensor element 2 by canceling impression of a low frequency pulse by time of day t5, although the 
time constant of a low frequency impression pulse is size. And the current value AFIS of the sensor element 2 
converged on time of day tlO using the current values AFI1, AFI2, and AFI3 of the sensor element 2 detected at the 
time of day tO, t2, and t3 considerable before from the time of day tlO which a low frequency impression pulse 
converges is computed as follows. The current which flows for the sensor element 2 after impressing a low frequency 
pulse to the sensor element 2 is expressed with a degree type. 

i = 10 + (IS- 10) e (-t/T) - here - i - the element current value after low frequency pulse impression, and 10 The initial 
current value before low frequency pulse impression, and IS As for a convergence current value and t, the elapsed time 
after low frequency pulse impression and T show the time constant CR of LPF, respectively. If the current values AFI1, 
AFI2, and AFI3 of the sensor element 2 are substituted for a top equation, the following simultaneous equations will be 
obtained. 

AFI2 =AFI1 +(IS- AFI1) e(-tl/T) AFI3 =AFI1 It is the convergence current value IS by solution Lycium chinense about 
the +(IS- AFI1) e (-t2/T) above-mentioned simultaneous equations. It can ask. Low frequency impedance Zac2 Current 
value IS of the sensor element 2 computed as mentioned above at step 3208 of drawing 32 It is computed based on 
increment deltaV of applied voltage. According to this two-point detecting method, the detection precision of a low 
frequency impedance improves. Next, the processing which shortens the convergence time amount tLP of the sensor 
element current after low frequency pulse impression is explained below using drawi ng 39 , 40 and draw in g 41 - 
drawing 44 . 

[0074] Drawing 39 is drawing showing the sensor current wave form at the time of low frequency pulse impression, and 
drawing 40 is drawing showing the sensor current wave form when impressing a RF pulse immediately after low 
frequency pulse impression. When drawing 39 is compared with drawing 40 , it turns out that it is shorter than the time 
amount tLP after the direction of the time amount tHP after switching to impression of a RF pulse after impression of 
the low frequency pulse when impressing a RF pulse immediately after the low frequency pulse impression shown in 
drawin g 40 until it is completed by the current of the sensor element 2 cancels impression of the low frequency pulse 
shown in drawing 39 until it is completed by the current of the sensor element 2. That is, by carrying out the 1st (high) 
frequency superposition processing again immediately after carrying out the 2nd (low) frequency superposition 
processing shows that the convergence time amount tLP of the sensor element current after low frequency pulse 
impression can be shortened. Next, this processing is explained below. 

[0075] Drawing 41 is the flow chart of the 2nd frequency superposition processing in the impedance calculation routine 
of a sensor element required in order to carry out the 1st frequency superposition processing again immediately after 
carrying out the 2nd frequency superposition processing. The flow chart shown in drawing 41 deletes step 3207 in the 
flow chart shown in drawing 32 . Since it corresponds to steps 3201-3206 of drawing 32 , and 3208 and 3209, 
respectively and the same processing is performed, steps 4101-4106 of drawin g 41 , and 4107 and 4108 omit 
explanation. 

[0076] Drawing 42 is the flow chart of the 3rd interruption handling routine required in order to carry out the 1 st 
frequency superposition processing again immediately after carrying out the 2nd frequency superposition processing. 
The flow chart shown in drawing 42 deletes step 3205 in the flow chart shown in drawin g 33 . Since it corresponds to 
steps 3301-3304 of drawing 33 , and 3307 and 3306, respectively and the same processing is performed, steps 4201- 
4204 of drawing 42 , and 4205 and 4206 omit explanation. Drawing 43 is the flow chart of the 4th interruption handling 
routine required in order to carry out the 1st frequency superposition processing again immediately after carrying out the 
2nd frequency superposition processing. Since it corresponds to steps 3401 and 3402 of drawing 34 , respectively and 
the same processing is performed, steps 4301 and 4302 of drawing 43 omit explanation. 
[0077] Drawing 44 is the flow chart of the 5th interruption handling routine required in order to carry out the 1 st 
frequency superposition processing again immediately after carrying out the 2nd frequency superposition processing. 
First, at step 4401, it distinguishes whether 2msec after starting of the 4th timer interruption of the above passed, when 
the distinction result is YES, it progresses to step 4402, and when the distinction result is NO, it returns to step 4401 . In 
step 4402, when it distinguishes whether the Lean judging flag LFLG was set at step 4103 of drawing 41 and 
distinguished from LFLG=1, it progresses to step 4403, and Vml=0.1V are impressed to the air-fuel ratio sensor 1 at 
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step 4403. When distinguished from LFLG=0 at step 4402, it progresses to step 4404, and Vml' =0.5V are impressed to 
the air-fuel ratio sensor 1 at step 4404. Next, at step 4405, the Lean judging flag LFLG is reset to 0, and in step 4406, an 
LPF change over signal is turned OFF and it progresses to step 4407. In step 4407, it distinguishes whether 3msec after 
starting of the 4th timer interruption of the above passed, and when the distinction result is YES, it progresses to step 
4408 and the voltage of Vm2=0.5V is impressed to an air-fuel ratio sensor at step 4408. When the distinction result of 
step 4407 is NO, it progresses to step 4409, and the voltage of Vm2 f =0.1 V is impressed to an air-fuel ratio sensor at 
step 4409, and it progresses to step 4410. At step 4410, the voltage of Vm=0.3V is impressed to an air-fuel ratio sensor, 
and it returns to the usual air-fuel ratio detection condition. 

[0078] Next, the flow chart of the configuration routine of the feed-back-control-of-air-fuel-ratio gain shown in drawing 
45 is explained below. Since the output response of the air-fuel ratio sensor 1 becomes slow when the sensor element 2 
is low temperature, this routine When performing feed back control of air-fuel ratio based on a low frequency 
impedance (it is YES at step 4501) The proportional [ in / at step 4502 / feed back control of air-fuel ratio ] P, the 
integral term I Each gain of the differential term D is set as low LOW gain. When the flag XLMTAF which shows that 
feed back control of air-fuel ratio is performing based on the limiting current after the sensor element 2 is activated is set 
(it is YES at NO and step 4503 in step 4501) Each gain of Above PID is set as HIGH gain at the ** step 4504. the flag 
XIMPAF shown in step 4501 - low frequency impedance Zac2 of the sensor element 2 from - it is the flag set when an 
air-fiiel ratio is under calculation. In addition, by step 4501, at the time of NO, since sensor ****** cannot be detected 
by the air- fuel ratio below at 500-degreeC, the feed-back-control-of-air-fuel-ratio prohibition flag XPHAF is set [ NO 
and step 4503 ] to 1 at step 4505. After setting the Air Fuel Ratio Control gain as LOW and HIGH at steps 4502 and 
4504, at step 4506, the feed-back-control-of-air- fuel-ratio prohibition flag XPHAF is reset to 0. 
[0079] Next, in order to lessen Air Fuel Ratio Control impossible time amount concerning calculation processing of a 
low frequency impedance as much as possible and to mitigate the burden of CPU, it is in the impedance calculation 
routine of the 3rd operation gestalt for limiting calculation of a low frequency impedance to the bottom of a 
predetermined condition like [ at the time of an idling ] just, and explains below using drawing 46 and drawing 47 . 
[0080] Drawing 46 is the first half flow chart of the impedance calculation routine of the sensor element concerning the 
3rd operation gestalt of this invention. The step number of drawin g 46 transposes 28 of double figures to 46 on the step ^ 
number in drawing 28 , and inserts only the step 4603 A of drawing 46 among steps 2803 and 2805 of drawing 28 . It is 
the step which judges whether step 4603 A performs calculation of a low frequency impedance, and whether the 
deterioration amendment conditions of the sensor element 2 were satisfied performs the judgment. Deterioration 
amendment conditions are judged by whether the engine filled all of the following conditions of 1-5 that change of 
warming up and the exhaust air rate of flow becomes small, when the judgment result is YES, they progress to step 
4605, and when the judgment result is NO, they progress to step 4606. 

1 . Engines Rotational Frequency NE<=1000RPM2. Vehicle Speed VS ~ under <=3 Km/h3. Idle Switch-on 4. Feed- 
Back-Control-of-Air-fuel-Ratio Activation - it is - Air-fuel Ratio A/F - near [ 14.5 ] 5. Engine's Cooling Water 
Temperature THW>=85-DegreeC (Engine Standby) 

The 1st (high) frequency impedance calculation routine following step 4610 is performed according to drawing 29 - 
drawin g 3 1 . 

[0081] Drawing 47 is the flow chart of the 2nd (low) frequency superposition processing in the impedance calculation 
routine of the sensor element concerning the 3rd operation gestalt of this invention. The step number of drawing 47 
transposes 32 of double figures to 47 on the step number in drawin g 32 ., and inserts only step 4700 of drawing 47 
between the judgment results NO of step 3201 of drawing 32 , and step 2901 of drawing 29 . Whether the deterioration 
amendment conditions of the sensor element 2 were satisfied like step 4603 A which is the step to judge and shows 
drawing 46 whether step 4700 performs calculation of a low frequency impedance performs the judgment. At step 4700, 
it judges by whether all the above-mentioned deterioration amendment conditions were fulfilled, when the judgment 
result is YES, it progresses to step 4701, and when the judgment result is NO, this routine is ended. 
[0082] 

[Effect of the Invention] As explained above, the impedance of an air-fuel ratio sensor element can detect to accuracy, 
and, according to the control unit of the air- fuel ratio sensor of this invention, the control unit of the air- fuel ratio sensor 
which amends calculation of the air-fuel ratio from failure of an air-fiiel ratio sensor, the judgment of an active state, 
and the output value of an air-fiiel ratio sensor and aim temperature of an air-fuel ratio sensor element can offer 
according to this parameter by asking for the parameter which shows property change of an air-fuel ratio sensor element 
based on the detected impedance. Moreover, according to the above-mentioned parameter, amendment of the output 
value of the air-fuel ratio sensor according to secular change of an air-fuel ratio sensor can be performed, the precision 
of feed back control of air-fuel ratio can be improved, and aggravation of an engine's exhaust air emission can be 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje 



3/3/2004 



Page 16 of 16 



prevented. Furthermore, since it carries out adjustable [ of the element ****** desired value of an air-fuel ratio sensor ] 
according to secular change of an air-fuel ratio sensor according to the above-mentioned parameter, the open circuit of a 
heater and the formation of a short life of an air-fuel ratio sensor element by fault temperature up can be prevented. 
[0083] Moreover, since a filter constant and the setting-out period of the constant are changed according to the 
frequency of the alternating voltage impressed to an air-fuel ratio sensor element, and the convergence time amount of 
the alternating voltage according to the control unit of the air-fuel ratio sensor of this invention, the detection precision 
of the impedance of an air-fuel ratio sensor element can be improved. 

[0084] Moreover, since the impression time amount of the alternating voltage impressed to an air-fuel ratio sensor 
element is shortened according to the control unit of the air-fuel ratio sensor of this invention, the detection time of the 
impedance of an air-fuel ratio sensor element can be shortened, the calculation impossible time amount of the air-fuel 
ratio detected from the current of an air-fuel ratio sensor at the time of direct-current- voltage impression can be 
shortened, and feed-back-control-of-air-fuel-ratio impossible time amount can be shortened. 

[0085] Moreover, since according to the control unit of the air- fuel ratio sensor of this invention the impedance of low 
frequency is detected only when an impedance detection means is stabilized by the ambient atmosphere condition of an 
air-fuel ratio sensor element, the frequency where the impedance of low frequency is detected decreases and the time 
amount of an engine's feed back control of air-fuel ratio out of control can be shortened. Moreover, when an impedance 
detection means detects the impedance of low frequency according to the control unit of the air-fuel ratio sensor of this 
invention, Since warming up of the engine is carried out and he is considering stability of the ambient atmosphere 
condition of an air-fuel ratio sensor element as the time with little change of the rate of flow of exhaust air The detection 
precision of the impedance of low frequency can improve, deterioration of a sensor element and the reliability of an 
activity judging can be improved, and the amendment precision of the precision of an air-fuel ratio or the aim 
temperature of an air-fuel ratio sensor element computed at the time of low temperature until an air-fuel ratio sensor 
results in an active state can be improved. 

[0086] The alternating current impedance of the air-fuel ratio sensor element which this invention impresses the 
alternating voltage of one frequency to an air-fiiel ratio sensor element again, and carries out this frequency pair is 
detected, since the air-fuel ratio of detected gas is computed from a map according to the detected alternating current 
impedance, the computed air-fuel ratio becomes that by which the temperature request nature of the output of an air-fuel 
ratio sensor element was amended, and its detection precision of an air-fuel ratio improves. Moreover, since an allotropy 
child's impedance is activated with a larger value than the time of a new article when an air- fuel ratio sensor element 
deteriorates, the time amount which activation takes becomes brief, Air Fuel Ratio Control can begin at an early stage, 
and the emission at the time of engine start up also becomes good. 
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